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OBSERVATIONS ON THE LIBERATION AND ELIMINATION OF 
MYOHEMOGLOBIN AND OF HEMOGLOBIN AFTER RELEASE OF 
MUSCLE ISCHEMIA 


C. A. MontaGnanl, M.D.,* Boston, Mass., AaNp F'. A. SIMEONE, M.D., 
CLEVELAND, OHIO 
(From the Surgical Research Laboratories of the Harvard Medical School at the Massachusetts 


General Hospital, Boston, and the Department of Surgery of Western Reserve University 
School of Medicine at City Hospital, Cleveland) 


INTRODUCTION 


HE re-establishment of circulation through muscles which have been 

ischemic for even a very few hours is often followed in man by oliguria, 
anuria, and death from renal failure. This entity has been referred to as 
traumatic anuria, or the crush syndrome. Von Colmer’® is credited with the 
first description of this complication of trauma from his experience with a 
relief unit which was sent from Germany to Sicily at the time of the Messina 
earthquake of Dec. 28, 1908. In his report, Von Colmer described situations 
in which the crush syndrome might have developed, but he did not describe 
patients who developed anuria following trauma. t 

During World War I, isolated cases were described which, following 
crushing injury, showed urinary changes consistent with the crush syndrome 
(see Minami’®). Frankenthal observed bloody discoloration of the urine in 
two of the cases that he reported, and renal changes were emphasized by 
sorst. 

The first civilian casualties demonstrating the crush syndrome were 
described by Husfeldt in 1937?? and shortly afterward by McClelland, by 
Glen,?° and by Bywaters and others. Despite these isolated cases, the syn- 
drome did not become well known or well understood until a large clinical 
experience had accumulated from casualties trapped beneath masonry and 
rubble during the “Battle of Britain” in 1940. 

In 1941, Gilmour® suggested that the urinary pigment observed by 
numerous investigators in patients with the crush syndrome could be myo- 

Received for publication, Nov. 28, 1952. 

*Fellow, Transfusion Service, Massachusetts General Hospital. 


fIn fact, Von Colmer’s relief unit did not reach Sicily until Jan. 11, 1909. By that time, 
eae patients who might have developed the crush syndrome would have either recovered or 
ed. 
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globin. Bywaters and co-workers‘ demonstrated spectroscopically that the 
pigment in the urine from such casualties was in fact myohemoglobin (myo- 
globin). Few laboratory studies have been done to elucidate the mechanism 
of liberation and excretion of this pigment. The experiments described in 
this report were planned to study the time relationships regarding the 
appearance of myoglobin in body fluids after release of limb ischemia. 


METHODS 


Specimens.—Dogs of both sexes weighing 10 to 20 kilograms were used. 
They were anesthetized with intraperitoneal sodium pentobarbital (50 to 60 
mg. per kilogram of body weight). Ischemia of the limb was produced by 
means of tightly applied rubber tube tourniquets, unilateral or bilateral, 
across the thigh and hip. The tourniquets were released after a period of 
ischemia lasting four to seven and one-quarter hours. The blood pressure 
was recorded by means of a mercury manometer attached through a cannula 
to the right or left common earotid artery. Samplées of arterial blood were 
obtained from the common carotid artery which had not been cannulated and 
specimens of venous blood were obtained from the femoral vein at the inguinal 
ligament. Hemolysis was minimized by using large-gauge needles (15 gauge 
for arterial blood specimens; 20 gauge for venous blood specimens). The 
needles were either siliconized or rinsed in isotonic salt solution. The speci- 
mens were delivered into siliconized test tubes and spun for ten minutes at 
1,500 revolutions per minute. The plasma was then transferred into un- 
siliconized test tubes, allowed to clot, and recentrifuged for ten more minutes. 
Some specimens were placed directly into unsiliconized test tubes. These 
were promptly centrifuged at 2,500 revolutions per minute for fifteen minutes, 
resulting in a layering of red blood cells at the bottom of the tube with an 
overlying layer of serum containing a fibrin clot which by that time had 
already retracted. Crystal-clear serum was usually obtained by either 
method. 

Specimens of lymph were obtained by cannulating either the cisterna 
magna or the thoracic duct with a fine polyethylene tube. In some experi- 
ments, lymph from the thoracic duct was collected after removal of the 
gastrointestinal tract and establishment of an external biliary fistula by 
eannulating the common duct. When the gastrointestinal tract was left 
intact, the early specimens of lymph were likely to be cloudy despite the fact 
that the animals had been fasting for twelve to eighteen hours. The cloudiness 
usually cleared quickly during the course of the experiment, especially when 
a constant infusion of physiologic salt solution or isotonic dextrose in water 
was provided. In the experiments where the gastrointestinal tract was re- 
moved, the thoracic duct lymph contained large numbers of red blood cells. 
The spectrophotometrie absorption curves of lymph blanks obtained from the 
cisterna and from the thoracic duct were always the same, provided they 
were clear. On standing, the lymph specimens always clotted, and centrifuga- 
tion usually yielded erystal-clear, slightly straw-colored solutions. 
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Urine samples were collected separately from the two kidneys by means 
of polyethylene tubes inserted into the ureters. The tubes were led out 
individually, through small stab incisions in the flanks and the celiotomy was 
closed. The hydrogen-ion concentration of the urine was tested immediately 
and brought to 7.0 by means of buffered sodium basic phosphate. The samples 
were centrifuged and the supernatant fluid was filtered in order to obtain 
clear specimens. In a few specimens the concentration of myoglobin in the 
urine was so high that the samples had to be diluted in order to permit 
satisfactory spectrophotometric examinations. All dilutions were made with 
phosphate buffer (pH 7.0) and in each case the blank was diluted to a similar 
extent. Occasionally, when the specimens were treated with carbon monoxide, 
some cloudiness developed which required filtering and retreatment with 
earbon monoxide. Similar clouding sometimes took place when hydrosulfite 
was added. When a urine specimen had to be stored in a refrigerator over- 
night, a cloudy precipitate sometimes developed which could be filtered out 
without loss of the heme pigments. On the other hand, deep freezing was 
found to be unsuitable because precipitates formed which did contain appre- 
ciable amounts of the pigments. 

Edema fluid was obtained from a polyethylene tube inserted through a 
needle into the thigh, the needle then being withdrawn. 

Analysis —The Beckman (model DU) spectrophotometer was used for 
the quantitative determination of myoglobin and hemoglobin in the body 
fluids studied. Advantage was taken of the fact that, at selected wave lengths, 
the light absorption coefficients of carbon monoxide myoglobin and of carbon 
monoxide hemoglobin are sufficiently different to permit accurate quantitation. 
A method for the quantitation of myoglobin and hemoglobin, respectively, 
when present in the same solution, and after treatment with carbon monoxide, 
has been deseribed by deDuve.® The technique used in the experiments re- 
ported later in this paper was an adaptation of deDuve’s method with the 
modifications suggested by Bjorck.t. The determinations were made between 
wave lengths of 600 and 530 mp. Standards for hemoglobin were prepared 
using freshly obtained, washed, laked, red blood cells of dogs. Standard 
solutions of myoglobin were prepared from crystalline horse myoglobin.* 

In order to eliminate the slight error caused by the mechanical in- 
accuracy in the spectrophotometer mechanism,° a glass filter of known absorp- 
tion coefficients was used as reference point. Corning’s glass filter No. 3480 
with color specification. 3-66 was found most suitable for this purpose. The 
absorption eurves for CO-hemoglobin, CO-myoglobin, and the reference filter 
are illustrated in Fig. 1. At a wave length of 574.2 mp, the extinction co- 
efficient for both pigments in aqueous solution was 0.700; at 539 mp the 
extinction coefficient was 0.836. 

It became apparent that the light absorption properties of the heme pig- 
ments in biologie fluids were not identical with those in aqueous solution 
(Figs. 2 and 3). Therefore, in every experiment the blank specimens ob- 


*Provided by Dr. W. J. Bowen of the United States Public Health Service. 
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tained before release of the tourniquets were each divided into three parts. 
One was kept as the blank; the others were used as solvents for the hemo- 
globin and the myoglobin standards, respectively. These known solutions 
were treated with carbon monoxide, and readings were taken with the spectro- 
photometer at the appropriate wave lengths. Taking the peak value at 


568 mu, a point isobestiec with it for myoglobin was found near 582 mp. The 
density of the filter at this same point was recorded and used thereafter as 


ABSORPTION CURVES OF 
CO-HEMOGLOBIN AND CO-MYOGLOBIN IN BUFFER PHOSPHATE pH 7 
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Fig. 1.—Absorption curves of carbon monoxy hemoglobin (curve 1), of carbon monoxy myo- 
globin (curve 2), and of the standard filter (curve 3). 
the point isobestie with 568. When a shift at this isobestic point occurred, it 
was always to the left and never beyond 583.5 mu. 
The unknown specimens with their appropriate blanks were treated with 
carbon monoxide and were read at 539, 568, 574.2, 582, 635, and 650 my. The 
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last two readings were used to be certain that foreign pigments or impurities 
were not causing serious interference. The densities of the blank and of the 
specimen were usually the same at 635 and 650 mu. 

The densities at 539 and 574.2 my were divided by their absorption (ex- 
tinction) coefficients (0.836 and 0.700, respectively). The quotients of the 
values from the two wave lengths were the same and represented the con- 


ABSORPTION CURVES OF 
CO-HEMOGLOBIN AND CO-MYOGLOBIN IN NORMAL DOG SERUM 
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Fig. 2.—Absorption curves of carbon monoxy hemoglobin (curve 1) and of carbon 
monoxy myoglobin in dog serum (curve 2). Curves 3 represent two different specimens of 


normal dog serum. 


centrations of total heme pigment in the samples. The concentration of hemo- 
globin in the samples was then calculated from the difference between the 
densities at 568 and 582 (or the corrected wave length determined by the 
filter value) divided by the difference in the corresponding absorption co- 
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efficients at the two wave lengths (0.473). The amount of hemoglobin i) 
solution was then subtracted from the total pigment in solution, the balance 
representing the concentration of myoglobin. When dealing with biologic 
solutions containing known concentrations of the pigments, the values were 
reproducible with remarkable accuracy, variations never reaching 1 per cent. 


ABSORPTION CURVES OF 
CO-HEMOGLOBIN AND CO-MYOGLOBIN IN NORMAL DOG URINE pH 7 
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Fig. 3.—Absorption curves of carbon monoxy myoglobin (curves 1 and 2, respectively) 


dissolved in normal dog urine brought to pH 7.0 by means of phosphate buffer. Curves 3 
and 4 represent, respectively, normal dog urine (brought to pH 7.0) and normal dog lymph. 


RESULTS 


Release of Myoglobin Into Body Fluids.— 

1. Myoglobinemia: Control specimens of serum prepared from femoral 
vein blood obtained just before release of the tourniquets in twenty-six 
animals showed no trace of myoglobin in any of them. Hourly specimens of 
blood were examined for myoglobin in twenty animals after release of the 
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limb tourniquets. Myoglobin was detected in the serum in sufficient amounts 
to permit quantitation in fifteen of the experiments. In all but one of the 
fifteen, myoglobin appeared in the serum from femoral vein blood during 
the first hour after release of the ischemia. The concentration of myoglobin 
reached a peak two hours after release of the tourniquets. In two eases, 
myoglobin was detectable only up to the seventh hour after release of the 
ischemia, but in the remaining twelve, it was detectable in very small amounts 
for as long as ten hours. Table I records the average concentrations of 
myoglobin in the serum at hourly intervals after release of limb ischemia. 

The degree of myoglobinemia varied between wide limits among the 
different animals. The maximum peak concentration in any single experi- 
ment was 29.8 mg. per cent; the lowest peak concentration was 3.6. The 
individual experiments, as well as the average of all, showed two peaks in 
the eurves relating myoglobin concentration to time (Fig. 4), one at the 
second hour after release of the tourniquets, the other at the fourth hour. 


; CONCENTRATIONS OF MYOGLOBIN IN BLOOD AND IN LYMPH 
SAMPLES COLLECTED HOURLY AFTER RELEASE OF LIMB ISCHEMIA 
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Fig. 4.—Hourly concentrations of myoglobin in serum of ipsilateral femoral vein blood (dots) 
and in lymph (triangles) after release of muscle ischemia. 

In two of the twenty animals, no myoglobin could be detected in the 
serum from femoral vein blood after release of the tourniquets. In three 
others, only minute traces could be detected, too small to quantitate and, 
therefore, recorded as having shown no myoglobin. 

2. Myoglobin in the lymph: Lymph (cisternal or thoracie duct) was 
analyzed for myoglobin in eleven experiments. The pigment was not detected 
before release of the tourniquets in any of the animals. After release of the 
tourniquets myoglobin was found in the lymph in all of the experiments 
(Table I). In six of the eleven animals, myoglobin was found in the first 
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TABLE I. MEAN CONCENTRATIONS OF MYOGLOBIN IN Bopy FLUIDS IN RELATION TO Hours 
AFTER RELEASE OF LIMB ISCHEMIA (MILLIGRAMS PER CENT) 








HOURS AFTER RELEASE OF LIMB ISCHEMIA 
BODY FLUID 1 | w- | © | @ | > | 7 

Serum from femoral vein . : 5.9 7.2 6.4 Dee 4.0 

blood (nineteen experi- 

ments ) 
Lymph from thoracic , ‘ 18.6 17.4 16.3 

duct (nine cases) or 

cisterna magna (two 

cases ) 
Urine from averaged 146.0 117.8 

right and left kidneys 

(nineteen cases) or 

from bladder (two 

eases ) 











specimen of lymph collected during the first hour after release of the ischemia ; 
in four others the lymph did not contain myoglobin until the specimen 
collected during the second hour. In another animal, no myoglobin was found 
until the specimen collected during the fifth hour, but the preceding samples 
had proved unsatisfactory for analysis because of cloudiness and may have 
contained myoglobin. 

In all cases, myoglobin was detected in the lymph throughout the dura- 
tion of the experiments (twelve hours) and always in higher concentrations 
than in serum from femoral vein blood. The maximum concentration of myo- 
globin in the lymph was 44.0 mg. per cent, four hours after release of muscle 
ischemia. The lowest peak concentration was 8.0 mg. per cent, and the 
average peak was 18.6 (Table I). Fig. 4 represents the curve of average 
myoglobin concentrations in the lymph related to time after release of the 
tourniquets. 

The hourly quantities of myoglobin lost from the circulation through 
the lymph cannula are illustrated in Fig. 5. The average maximal loss was 
during the third hour. This gradually decreased until by the eighth hour 
only 2 mg. (average) of myoglobin would have entered the circulation by 
way of the lymphatic return. The average total loss of myoglobin through 
thoracic duct lymph (nine eases) and cisterna magna lymph (two cases) was 
32.5 mg., one fifth as much as the average amount excreted in the urine. It 
is obvious from these data that by far the greatest amount of myoglobin 
which is eventually excreted in the urine enters the circulation through the 
blood eapillaries of the limb and not through the lymphaties. 

3. Myoglobin in edema fluid: Edema fluid can be collected in large 
quantities from the thighs, which rapidly swell after release of the tourniquets. 
Specimens were collected in seventeen animals between the second and fifth 
hours after release of ischemia. The fluid obtained was always pink, always 
contained varying numbers of red blood cells, and promptly clotted on 
standing. When centrifuged after clotting, the supernatant fluid was always 
erystal clear. The concentrations of myoglobin in the centrifuged specimens 
varied between 10.3 and 510.0 mg. per cent. The average was 143.5. The 
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lowest concentration was obtained in Experiment 16, considered exceptional 
in that very little edema developed in this animal after release of ischemia. 
The tourniquet had been applied for five and one-half hours. 


The urine was examined for myoglobin both before 


4, Myoglobinuria: 
In all eases, 


and after release of the limb tourniquets in twenty-one animals. 
the control (prerelease) specimens of urine, collected from both ureters 
simultaneously in nineteen cases and from the bladder alone in two eases, 
were free of myoglobin. After release of the limb tourniquets, myoglobin 
was detected in the urine in all experiments. Both the hourly urinary 
volumes and the hourly myoglobin exeretions from the two kidneys in the 
same animal were practically identical in fourteen of the nineteen animals 
(Fig. 6). Minor consistent differences were found between the two sides in 
the others. The hourly values for the two sides were averaged for the final 


figures and tables. 
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5.—Hourly loss of myoglobin (dots) and of hemoglobin (circles) through lymph fistula 
after release of muscle ischemia. 





The pigment appeared in the urine grossly as early as ten minutes after 
release of the ischemia. In all but two experiments, myoglobin was present 
in the urine by the end of the first hour after re-establishment of the circula- 
tion. In the two exceptions (Experiments 8 and 11), the pigment appeared 
by the end of the second hour. The peaks of the averages, both for con- 
centration and for total excretion of myoglobin, occurred during the second 
hour after release of the ischemia (Table II and Fig. 7). The average maxi- 
mal excretion of the pigment during a one-hour period was 30.1 mg. The 
highest total excretion in a one-hour period was 77.4 mg. during the second 
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HOURLY EXCRETION OF MYOGLOBIN FROM RIGHT AND LEFT KIDNEYS IN 
SAME ANIMAL AFTER RELEASE OF BILATERAL LOWER LIMB ISCHEMIA 
( experiment No. 15) 
Myoglobin Excretion, Right Kidney 
Myoglobin Excretion, Left Kidney’ 


Urine Volume, Right Kidney 
Urine Volume, Left Kidney 


TOTAL MYOGLOBIN ( in Milligrams) IN INDIVIDUAL 
HOURLY URINE SAMPLES 





i 1 
2 3 





HOURS AFTER RELEASE OF LIMB ISCHEMIA 


Fig. 6.—Hourly excretion of myoglobin (circles) and hourly urine volume (triangles) 
after release of muscle ischemia illustrating close similarity between the right and left sides, 
representative of fourteen out of twenty experiments. 


CONCENTRATIONS AND EXCRETIONS OF MYOGLOBIN AND OF HEMOGLOBIN 
IN URINE SAMPLES COI LECTED HOURLY AFTER RELEASE OF MUSCLE 
ISCHEMIA 
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Fig. 7.—Myoglobin and hemoglobin in urine specimens collected hourly after release of muscle 
ischemia. 
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hour in Animal 15. The greatest concentration of myoglobin to be excreted 
was in Animal 8 in which the urine specimen collected during the second 
hour contained 662.4 mg. per cent. 

Table II shows the average hourly urinary excretions of myoglobin in 
twenty-one experiments. The durations of ischemia varied between four and 
seven and one-quarter hours. Within these limits, there was no apparent 
relationship between the actual duration of ischemia and the amounts of 
myoglobin excreted in the urine. 


TABLE II. MEAN Hourty Loss oF MyYoGLoBIN THROUGH LYMPH FISTULA AND THROUGH 
URINE AFTER RELEASE OF LIMB ISCHEMIA 








| HOURS AFTER RELEASE OF LIMB ISCHEMIA 
| 1 yT @ 4 | 5 | 6 | 7 8 
2.4 4.8 7.6 5.4 5.1 2.8 2.4 2.0 








Loss through lymph 
fistula (mg.) 
Loss through urine (mg.) 19.8 30.1 26.1 21.2 16.5 12.3 10.0 10.4 





Release of Hemoglobin.— 

1. Hemoglobinema: In the arterial blood, the concentration of free hemo- 
globin in serum never exceeded 5 mg. per cent. In serum from femoral vein 
blood, however, after release of ischemia in the ipsilateral limb, the con- 
centration of free hemoglobin ranged between 30 and 100 mg. per cent. This 
free hemoglobin may have arisen in two ways: (1) It may have formed 
within the limb during the period of ischemia and entered the circulation as 


such when the arterial tourniquets were removed, and (2) The fragility of 
the erythrocytes may have increased during the period of ischemia so that 
more than the expected hemolysis was produced when the specimens of blood 
were obtained. The data did not permit distinguishing the relative importance 
of these two factors. 

2. Hemoglobin in lymph: Control specimens of lymph from the cisterna 
magna or from the thoracic duct obtained without operative interference 
with the gastrointestinal tract in six experiments showed free hemoglobin in 
only one (10.3 mg. per cent in Experiment 26). In five other experiments, 
the lymph specimens were obtained after removal of the gastrointestinal 
tract. All but one of these contained free hemoglobin (9.4 to 36.0 mg. per 
cent). 

After release of muscle ischemia, free hemoglobin was found in all 
specimens of lymph (Table III). More of the pigment was found after re- 
lease of the limb ischemia in the animals in which the gastrointestinal tract 
had been removed than in those in which the stomach and intestines remained 
intact. Injury to the red blood cells which enter the lymphatic circulation 
after surgical procedures on the gastrointestinal tract may have contributed 
to the total free hemoglobin in the centrifuged lymph. The average con- 
centration of free hemoglobin in the lymph rose during the first two to three 
hours after release of the arterial tourniquets and then remained at average 
coneentrations of 17 to 20.9 mg. per cent for the duration of the experiments. 
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TABLE III. MEAN HOURLY CONCENTRATION AND EXCRETION OF HEMOGLOBIN IN LYMPH A 
URINE AFTER RELEASE OF LIMB ISCHEMIA 








| HOURS AFTER RELEASE OF LIMB ISCHEMIA 
| BE AM *. 
Concentration in lymph 6 23.2 17.6 17.0 20.9 7. 15. 
(mg. per cent) 
Concentration in urine ‘ : 4.4 5.9 3.2 7.0 
(mg. per cent) 
Loss through lymph ‘ . 5.6 4.1 2.9 
cannula (mg.) 
Loss through collected ‘ L 0.7 0.9 0.9 
urine (mg.) 








.U0 





The average amount of hemoglobin lost through the collected lymph in 
eight hours was 24.7 mg. It was seldom in excess of the myoglobin excreted 
in the same specimens of lymph (Fig. 5). 

3. Hemoglobin in edema fluid: The free hemoglobin concentration in 
edema fluid varied between 4.2 and 338.2 mg. per cent. The average con- 
centration was 68.5 mg. per cent. A large part of this free hemoglobin could 
be accounted for by the diapedesis of red blood cells through capillaries 
damaged by the ischemia and by laking of these by the action of ferments 
liberated in ischemic tissue.*° Zameecnik and associates*® measured “hemo- 
globin” concentrations of 300 to 800 mg. per cent in muscle fluid after release 
of ischemia. The greater part of this pigment was probably myoglobin. 

4. Hematuria and hemoglobinuria: Control specimens of urine obtained 
before release of the tourniquets contained no free hemoglobin. A few initial 
specimens contained intact erythrocytes, but these became clear after the first 
collection and the hematuria was attributed to the trauma of ureteral catheteri- 
zation. 

After release of the tourniquets, all specimens contained red blood cells. 
The specimens were centrifuged in all cases before testing for free hemo- 
globin and myoglobin. In three animals, the amount of hemoglobin in the 
red blood cells of the centrifuge was measured quantitatively after washing 
with isotonic saline solution, laking, and recentrifuging. The hourly speci- 
mens contained an average of 16.6, 7.8, and 20.2 mg. of hemoglobin in the 
three cases (averages of eight specimens each). These findings, with regard 
to the presence of hematuria only after release of the tourniquets, are of 
special interest in that they suggest damage to the glomerular tuft permitting 
red blood cells to enter Bowman’s eapsule, or injury to blood vessels else- 
where in the kidney. Similar findings have been recorded by Duncan and 
Blalock.? Such damage might be attributed to injurious effects of substances 
liberated from ischemic muscle."? 

Free hemoglobin was not found in any control specimens of urine; it was 
observed in fourteen of twenty-one experiments in at least some of the urine 
specimens collected at hourly intervals after release of the tourniquets. Fig. 
7 and Table III show the average urinary excretion (concentration and total 
amount) of hemoglobin in the twenty-one animals studied. It is noteworthy 
that, unlike the myoglobin excretion and concentration, the excretion of 
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hemoglobin remains of the same order of magnitude throughout the experi- 
ment except for a trend toward a slight increase after the fifth hour. This 
suggests that the excretion of hemoglobin in the urine is not a function of the 
release of hemoglobin from the previously ischemic limb, but may be de- 
pendent upon local conditions in the kidneys themselves. 


Relationship Between Blood Pressure and Urinary Excretion Following 
Release of Muscle Ischemia.— 

1. Animals in which hypotension was prevented: By means of appropriate 
intravenous infusions the mean blood pressure was maintained above 100 
mm. of mereury at all times in ten of eighteen experiments in which this 
relationship was studied. In eight of the ten, the blood pressure was main- 
tained by intravenous infusion of isotonic salt solution. In one, the blood 
pressure was maintained by infusing 500 ¢.c. of whole dog blood and an equal 
volume of isotonic salt solution; in another, by the infusion of 350 ¢.c. of 
whole dog blood, 250 ¢.c. of 25 per cent human albumin, and 500 ¢.e. of isotonic 
salt solution. In eight of the eighteen animals, the blood pressure fell below 
80 mm. of mercury for at least one hour during the experiment. 

The results in Experiment 27 are typical of those obtained in all ten 
experiments in which the blood pressure was not allowed to drop below 100 
mm. of mereury (Fig. 8). The volume of urine excreted increased, instead of 
decreasing, after release of the tourniquets. The increase of urine volume 
occurred after release of the tourniquets even before the intravenous infusions 
had been started in some of the experiments. The urinary volume increased 
further when infusion of isotonic salt solution was begun. 

Urinary excretion of myoglobin started after release of the tourniquets 
as described and increased to its peak excretion during the second or third 
hour after the ischemia was released. This, too, was probably independent of 
the infusion because the increased rate of excretion of myoglobin was mani- 
fest before the infusion was started in some of the experiments. The drop in 
urinary volume between the second and fifth hours probably resulted from 
relative tissue dehydration. In these experiments, therefore, in which hypo- 
tension did not develop, there was no evidence that release of the tourniquets 
caused a reflex effect upon the cireulation and excretory function of the 
kidney. 

2. Animals which developed hypotension for one hour or more during the 
experiment: In the animals which developed hypotension (to as low as 50 mm. 
of mereury) despite the administration of isotonic salt solution, there was usu- 
ally a satisfactory urinary output and certainly no decrease in the urinary 
volume when the tourniquets were released. Satisfactory diuresis (Fig. 9) 
was maintained up to eight hours after release of the tourniquets in Experi- 
ment 13 despite severe hypotension. Reflex anuria did not oceur. Four liters 
of physiologic salt solution were infused intravenously during the eight-hour 
period. 

In the hypotensive animals, myoglobin excretion reached its maximum 
during the first hour after release of the tourniquets and then was maintained 
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Fig. 8.—Relationship between blood pressure, urinary volume, and myoglobin excretion in 
the urine after release of muscle ischemia (Experiment 27). During a, 100 c.c. of isotonic 
salt solution was injected; during b, 500 c.c. of dog blood was transfused; and during c, 400 
c.c. of isotonic salt solution was injected. The mean blood pressure was maintained above 100 


mm. of mercury throughout the experiment. 
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in the urine after release of muscle ischemia (Experiment 13). The mean blood pressure 
varied between 50 and 75 mm. of mercury through most of the experiment. 



























Volume 34 MYOHEMOGLOBIN AND HEMOGLOBIN AFTER MUSCLE ISCHEMIA 183 


Number 2 





at a high level for the duration of the experiments. It is of interest that in 
this group of experiments, the concentration of myoglobin in the serum rose 
through most of the duration of the experiments without a proportionate 
increase in the total hourly myoglobin exeretion in the urine. It is possible 
that this represents a myoglobin retention on the basis of a diminished 
filtration pressure resulting from the hypotension. Water diuresis was 
maintained at the same time by virtue of the relative hydremia. 
DISCUSSION 

It is apparent from the results described here that myoglobin is liberated 
from muscle promptly after re-establishment of the cireulation through limbs 
which are kept ischemic for four to seven and one-quarter hours. The amount 
of myoglobin entering the circulation and reaching the kidneys increases until 
the second to fourth hours after release of the ischemia by which time the 
amount of pigment begins to diminish. At the end of ten to twelve hours 
myoglobin can be detected in the cireulation only in minute amounts, or not 
at all. 

The data presented suggest that the largest part of the myoglobin which 
reaches the kidney enters the circulation through the capillaries of the in- 
jured limb. The concentration of myoglobin in the lymph is very much 
higher than in the blood returning from the previously ischemic limb, but the 
average total amount of myoglobin lost from the cannulated thoracie duct 
or cisterna magna is only one-fifth the amount excreted in the urine during 
the same period of time. 

The rapid mobilization of myoglobin from ischemic striated muscle when the 
circulation is re-established is in keeping with clinical experience in the 
crush syndrome. Patients whose urines are examined as early as twenty-four 
hours after release from crushing injury may show no pigment or very small 
amounts in the scant urine specimens. Myoglobinuria is detected most readily 
in the first or very early specimens after release of ischemia.*” 

It is noteworthy that in dogs not reported in this paper, and which were 
allowed to survive release of the tourniquets, myoglobinuria developed, but 
not anuria and death. So long as they survived the immediate oligemia re- 
sulting from outpouring of fluid into the experimental limbs, they did not die 
of anuria subsequently. The muscles gradually became fibrotic and con- 
tractured during a period of four to six weeks, but the animals showed no 
evidence of gross renal impairment. 

Of particular interest is the appearance of red blood cells in the urine 
after the release of muscle ischemia. The finding, observed by others as well,’ 
suggests injury to the kidney, possibly the glomerulus, and fits the concept 
that in the erush syndrome the glomerulus and upper nephron may be 
affected as well as the lower nephron. The nature of the agent or agents caus- 
ing such injury is not known. The work of Green and his associates" sug- 
gests that breakdown products of muscle nucleotides may play an important 
role. The myoglobin detected in body fluids after release of muscle ischemia 
can be only one of many possible substances which enter the circulation from 
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the injured muscle. The pigment may be only an indicator for the liberation 
of other, more injurious, substances into the circulation after release 
striated muscle ischemia. 

There was no indication, either during the period when tourniquets were 
applied or at the time they were released, that any nervous reflex occurred 
which significantly altered renal function.’*’ Diuresis and excretion of myo- 
globin were more closely related to blood pressure and hydration than directly 
to release of the limb tourniquets. Kinmonth and his co-workers,** on the 
basis of other evidence, concluded that reflex nervous effects did not occur 
in the circulation of the limb when an arterial tourniquet was maintained or 
removed from the contralateral limb. What changes were observed were 
passive effects of changes in the systemic blood pressure. Corcoran and 
associates’ observed depression of renal function due to increased renal 
vascular resistance which they attributed to humoral effects in tourniquet 
shock. They worked with only partially occluding tourniquets, and the 
physiologic effects may have differed from those of complete ischemia. Even 
in their experiments, however, partial correction of the hypotension by trans- 
fusion caused partial correction of the renal impairment. 

The lack of significant reflex effects upon renal function after release 
of muscle ischemia is supported by the observations of Block, and associates,’ 
who could not demonstrate prolonged effects upon the renal circulation by 
excitation of the renal nerves either directly or reflexly. Kottke and his 
co-workers,'* however, had demonstrated that direct low-frequency stimulation 
of the renal pedicle did produce a depression of the renal blood flow for 
periods of at least two hours, but these were not reflex effects. 

When hypotension was permitted to occur, the rate of excretion of myo- 
globin was decreased and the concentration of the pigment in the blood and 
lymph remained elevated instead of rising to a peak and falling rapidly to 
very low concentrations. This could represent a diminished capacity of the 
kidney to clear the blood of myoglobin, possibly because of lowered filtration 
pressure in the glomerular circulation, or it could represent a diminished rate 
but more prolonged liberation of myoglobin from the previously ischemic 
muscle. 
CONCLUSIONS 


1. After release of arterial tourniquets which maintained limb ischemia 
for four to seven and one-quarter hours, myoglobin is liberated from striated 
musele into both blood and lymph returning from the extremities and is 
excreted in the urine. 

2. Myoglobin is detectable grossly in the urine within ten minutes after 
release of the tourniquets. The pigment is almost always found in blood and 
lymph in specimens obtained one hour after release of the tourniquets. 

3. The peak concentrations of myoglobin appeared in blood and lymph 
within two to four hours after release of the tourniquets. 

4. The peak urinary excretion of myoglobin occurred during the second 
hour after release of the ischemia. 
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5. No evidence was obtained to suggest that diminution of renal function 


accompanies application and release of the tourniquets on a reflex nervous 
basis in the anesthetized experimental animals. 


6. Myoglobin is probably one of many substances liberated when ecireula- 


tion is re-established in ischemic striated muscle. Evidence is presented 
(hematuria) that damage to the glomerulus or other parts of the kidney may 
result on a humoral basis following the release of limb ischemia. 
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THE PREVENTION OF CAROTID ARTERY HEMORRHAGE BY THE 
USE OF ROTATING TISSUE FLAPS 


JOHN J. Contey, M.D., New York, N. Y. 


(From the Head and Neck Department of Pack Medical Group and the Surgical Service of 
St. Vincent’s Hospital) 


‘yer artery hemorrhage following intensive irradiation or irradiation 
and radical surgery in the treatment of cancer of the neck has been a serious 
problem. In many instances, carotid artery hemorrhage is immediately fatal 
because of the size of the rupture, the unavailability of immediate lifesaving 
measures, and the inevitable cerebral hypoxia. Even when it is possible to clamp 
or ligate the carotid vessels to control the hemorrhage, one is confronted with 
an operative mortality over 50 per cent and a high incidence of hemiplegia.’ 
Surgeons performing radical neck operations have taken special precautions 
to avoid this serious complication. Yet, in spite of these precautionary efforts, 
rupture of, or threatened rupture of, the carotid artery is not an uncommon 
occurrence. The technique of timely pedicle tissue transplantation has been 


developed to overcome this great hazard and augment the techniques of ipsi- 
lateral anastomosis of the internal and external carotid arteries and free autoge- 
nous vein grafting to the carotid arteries.* ® 


THE PROBLEM 


The treatment of metastatic cancer of the neck is primarily a surgical prob- 
lem, and only rarely is spontaneous carotid artery hemorrhage encountered 
when surgery alone is used. If the operative field is necessarily contaminated, 
as the result of opening into the pharynx or oral cavity, postoperative infection 
is rare when the wound is properly repaired and biotherapeutie agents judi- 
ciously used. Even if the carotid artery should become exposed in this type of 
situation, granulations will appear and epithelization will take place in the 
majority of instances by simple administrations to the wound. On the other 
hand, if one of the ligated tributaries of the external carotid artery should be- 
come exposed and if this area becomes primarily or secondarily infected as a 
result of the drainage of oral secretions over it, secondary hemorrhage from 
this vessel may occur. This is uncommon. 

The chief causative factor then in the precipitation of carotid artery hemor- 
rhage comes from the use of irradiation in the attempt to cure or control meta- 
static cancer of the neck. Although mass irradiation to the lateral neck in an 
attempt to control metastatic cancer of the cervical lymph nodes is an inferior 
type of therapy in comparison with block dissection of the neck, a surprising 
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number of indications and reasons are found by various dotecors throughout the 
country to continue to use it for this purpose. Although, some of these indica- 
tions are warranted their sincere efforts to cure multiple deep cervical node 
metastasis are usually of no avail. Irradiation has, however, been used success- 
fully in some instances in the treatment of minimal and localized cervical 
metastasis. 

A ecancerocidal dose of irradiation, either in the form of x-ray or radium 
emanation to the neck, has a specific and harmful effect on all normal tissue in 
that locality. There is marked fibrosis and atrophy of all the tissues with reduc- 
tion in size and quality of all the vascular, fibrous, and lymphatic elements. 
Frequently, the very life of the tissue itself is precariously poised just inside 
the boundaries of viability. If the further treatment of the residual or recur- 
rent cancer presents itself, as it frequently does, the choices are among more 
irradiation, radical surgery, or palliation. At this stage in the treatment both 
therapeutic techniques possess hazards, with the radical surgical technique 
possessing a smaller risk to the patient than additional irradiation. If the pa- 
tient receives further irradiation at this stage, the neck wound will probably 
slough and the cancer will continue to grow. Fatal hemorrhage may occur be- 
fore any type of surgery is instituted. If the patient receives surgical therapy 
for the recurrent and residual cancer after the failure of the first course of 
irradiation, he is a candidate for rupture of the carotid vessels. Actually, the 
chances of him rupturing his carotid vessel are very slight, as most of these indi- 
viduals heal per primam, or with only minimal amounts of necrotization of the 


wound edges. 

On the other hand, if after the first unsuccessful course of irradiation, the 
patient is subjected to further emanations by x-ray or radium and subsequently 
surgery, the possibility of a postoperative rupture of the carotid vessels is greatly 
increased. Here the situation frequently demands the excision of a large portion 
of skin in order to eradicate the tumor thus causing an exposure of the earotid 
vessels. There is often necrotization of the skin flaps and damage to the walls 
of the carotid artery. If the surgical procedure has been carried into the mouth 
and the wound is contaminated with oral secretions, there is the additional 
danger of secondary infection. The time interval for the hemorrhage may be 
from one week to three months postoperatively. The position of the hemorrhage 
on the vessel is usually located at the area of maximum irradiation; however, 
other factors such as extensive atheromatous disease of the vessel with intrinsic 
weakening in the arterial wall, secondary infection about the vessel, and the 
ligation of the tributaries of the external carotid artery or the external carotid 
artery itself are all important factors in precipitating hemorrhage. 


INDICATIONS 


The indications for the use of rotating tissue flaps in the neck to prevent 
carotid artery hemorrhage fall under the categories of (1) preoperative plan- 
hing, (2) operative situation, and (3) postoperative complications, 
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Preoperative Anticipatory Preparations.—One immediately recognizes whe) 
a heavily postirradiated cancer has fungated to the skin and there is a lare 
ulecerating, necrotic mass in the neck that it will be necessary to cover the post 
operatively exposed carotid artery with a previously prepared skin flap. 


Operative Sitwation.—If it has been necessary during the excisional part 
of the radical neck operation to sacrifice portions of the skin flaps over the 
carotid arteries, these flaps must be rearranged and augmented in such a way 
as to procure adequate covering over the carotid vessels (Fig. 1). 


Postoperative Complications.—If necrotization or secondary infection of 
any portion of the skin flap postoperatively causes exposure of the carotid vessels 
which have been heavily irradiated, there is danger of fatal hemorrhage from 
rupture of that vessel. If the necrosis of the flap is minimal in size, but stra- 
tegically located over the carotid vessel, readjustment, augmentation, and re- 
suturing of the flaps are often adequate. If the necrosis is more extensive, 
additional tissue flaps will have to be obtained from the immediate area. If 
the carotid artery has ruptured and has been successfully asymptomatically 
ligated or grafted, these repairs should be covered with a healthy nourishing 
tissue flap. 


Kig. 1.—Posterior neck and chest flaps rotated into position (mouth flap lined with skin). 


If it is believed that postoperative irradiation will be administered to the 
neck, the area to be irradiated should be covered with a healthy tissue flap. 


TREATMENT 


The treatment may be prophylatic, preventative, or curative in nature, de- 
pending upon the situation demanding the use of pedicle flaps. The prophy- 
lactic treatment embraces the preoperative anticipation of the loss of an ex- 
tensive area of skin in a fungating, necrotic, uleerating, heavily postirradiated 
cancer on the side of the neck. A tissue flap may be raised on the anterior chest 
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wall several weeks prior to the surgery on the neck so that it will be ready for 
transfer into its new position over the carotid artery at the termination of the 
radical neck operation. Free skin grafts are rarely satisfactory in this type of 
case. This procedure relieves the surgeon of the anxiety and doubt of the via- 
bility of a heavily irradiated tissue bed and the success of a free skin graft into 
this area. It also reduces the extensiveness of the main operation in that previ- 
ously prepared flaps are immediately ready for transfer. Its great physiologic 
advantage is that it brings into the area a new and independent blood supply. 
The resection of portions of heavily irradiated skin flaps or flaps invaded 
by eanecer during the radical procedure creates the problem of exposure of the 
carotid vessels. The prevention of rupture of the carotid vessels by the manipu- 
lation of tissue flaps at the time of the radical operation on the neck may have 
very satisfactory results. This is in contrast to the previous group of cases where 
practically all of the skin of the neck has been sacrificed and total reconstruction 
is indicated. Partial exposure of the carotid vessels is corrected by the manipu- 
lation or rotation of tissue flaps in the immediate vicinity of the deficiency. 
Tissue from the neck, face, and chest is most readily available. These flaps 
should contain skin, subeutaneous tissue, and platysma muscle. The base should 


— 
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Fig. 2.—Face and clavicular tissue flaps (over carotid artery). 


« 


be broad and placed so as to favor the dominant arterial supply in the area. 
They should not be transposed under undue tension. The donor area may be 
partially closed and then repaired with a free skin graft or another rotating 
tissue flap. The planning of the flap is done at the time of operation and is 
governed by the size and position of the tissue excised (Fig. 2). Free skin 
grafts are rarely successful in heavily irradiated areas of the neck and are never 
considered as substitutes for tissue flaps in these situations (Fig. 3). 

The curative efforts which are made to minimize the danger of postoperative 
carotid artery hemorrhage concern themselves with the readjustment of a neck 
flap or the procurement of new tissue flaps from the immediate area to ade- 
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quately cover a carotid vessel contained in a postoperative and postirradiation 
slough (Figs. 44 and 4B). If a small necrosis occurs in a tissue flap in th 
neck wound following heavy irradiation and radical surgery and it is not asso- 
ciated with the carotid vessels, local administrations to that area will be curative. 
although often greatly protracted in most instances. If a similar minima] 
necrosis exists in the strategic position over the carotid vessel, local débride- 
ment, and care of the wound may be adequate to cause a cure. However, the 
presence of a carotid artery immediately beneath the slough imposes an added 
risk of hemorrhage. If there is any indication that the slough is extended into 
the wall of the carotid vessel or into any of the ligated branches of the external 
earotid artery, the neck flaps should be released, débrided, augmented, and re- 
sutured over the carotid vessel without tension. If, on the other hand, the slough 
over the carotid vessel is extensive in size and deep in character, there is no 
justification for waiting. Procrastination under these circumstances may prove 
fatal as late as three months postoperatively. In this latter circumstance, a flap 
always has to be augmented. This may be accomplished by extending the vertical 
incision of the lower supraclavicular flap down onto the chest and rotating this 
additional skin superiorly into the wound (Fig. 5, A and B). Either pedicle 


Fig. 3.—Rotation of chest flap into neck area. 


or ribbon flaps from the posterior or anterior aspect of the neck may be used. 
All of these transpositions are carried out in a one-stage operation and are fre- 
quently lifesaving in benefit. 

If the carotid arteries have been irradiated and become exposed postopera- 
tively in a wound that contains an intraoral fistula, the danger of secondary 
infection and carotid artery slough is always present. These wounds should 
be treated by either attempting to perform a primary repair of the fistula or to 
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Fig. 4A.—Medial rotating chest flap used to repair exposed carotid arteries and necrotiz- 
ing neck flaps. Lateral thoracic and thoracocranial branches are chief blood supply. De- 
lay of transposition is preferred. 
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Fig. 4B.—Lateral rotating chest flap used to repair exposed carotid arteries and necrotiz- 
ing neck flaps. Branches of internal mammary artery are chief blood supply. Delay of 
transposition is preferred. 
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Fig. 5, A and B.—Small, medial rotating chest flap to repair necrotization of flaps below the 
level of the carotid bulb. This augments neck flaps. No delay is necessary. 


tig. 6.—Bipedicled posterior neck flap transposed over carotid artery. No attempt is made 
to close fistula at this time. 
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ereate a small pharyngostome, thus excluding the carotid vessels from exposure 
to salivary secretion (Fig. 6, A and B). It is much better for any deeply 
neerotie wound to be opened widely so that pocketing and the sloughing process 
beneath the flap may be under direct vision. Accurate analysis of the condition 
of the vessel and any surgical procedure on the vessel itself is facilitated after 
the wound is opened. 

It is occasionally possible when there is a minimal leak or rupture in the 
common or internal carotid artery to repair this deficiency with interrupted, 
fine, mattress silk sutures on atraumatie needles. It is not possible to perform 
this technique if the area has been heavily irradiated. or is grossly infected. It 
is necessary that this repair of the artery be immediately covered by a healthy 
rotating tissue flap. 

In some instances it is possible to anticipate rupture of the carotid artery 
and prepare for this situation by gradual compression of the common earotid 
artery. This is carried out with a special elastic clamp over a period of two or 
three days until the lumen is completely obliterated. If the patient tolerates 
this gradual compression without hemiplegia or critical cerebral hypoxia it has 
the advantage of giving the surgeon several days to prepare the rotating tissue 
flap which must be used to cover the heavily irradiated area and the artery bed. 

If, as the result of an exsanguinating hemorrhage, it has been necessary 
to immediately ligate the common and internal carotid arteries and if the pa- 
tient tolerates this procedure without critical cerebral hypoxia or hemiplegia, 


the surgeon usually has ample opportunity to débride the wound and prepare 
a rotating tissue flap. If, in this latter group, the patient should manifest 
hemiplegia or go into coma as a result of total ligation of the common and 
internal carotid arteries, the technique of ipsilateral anastomosis of the external 
and internal earotid arteries or the technique of free autogenous vein grafting 
to the common and internal carotid arteries should be carried out. It is always 
necessary to immediately cover these anastomosed vessels with healthy rotating 


tissue flaps. 

In some instances, after careful inspection of the exposed carotid vessel, 
the surgeon may decide that impending fatal hemorrhage from the carotid artery 
is imminent and elect to perform either the ipsilateral anastomosis of the cut 
ends of the external and internal carotid arteries® or perform a free autogenous 
vein graft. In both instances, it is desirable to eliminate the oral secretions from 
the wound if an intraoral fistula is present and to supply a nourishing flap of 
healthy tissue over the new anastomosis. 


SUMMARY AND CONCLUSIONS 
1. The importance, indications, and technique of the use of various types 
of tissue flaps in the neck for the prevention and treatment of carotid artery 
hemorrhage have been presented. 
2. These tissue flaps supply nourishment and covering to devitalized and 
necrotizing areas of the neck. 





CONLEY 


3. These tissue flaps should not only be used as prophylaxis against caroti: 
artery hemorrhage but as therapy for specific types of postirradiation nec} 


wounds. 

4. These tissue flaps have very important advantages over the cumberson« 
tubed flaps in that many of them may be utilized immediately in the wound in 
situations possessing urgency and used when it is impractical to delay the defini 
tive operation for weeks or months. 
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EXPERIMENTAL CARDIAC SURGERY 
IV. THE PREVENTION oF AIR EMBOLISM IN OPEN HEART SURGERY; REPAIR 
OF INTERAURICULAR SEPTAL DEFECTS 


Wituiam W. L. GLENN, M.D., AND WiLuiAM H. SEWELL, JR., M.D.,* 
NEw HAVEN, Conn. 
(From the Department of Surgery, Yale University School of Medicine) 


‘WO potential hazards immediately imperil the success of any intracardiac 
procedure with the heart widely open and with the heart functions re- 
placed by those of a mechanical or biologic heart. These hazards are: (1) 
the quantity of the coronary and bronchial venous return to the heart by way 
of the coronary and thebesian veins and the pulmonary veins and (2) air 
emboli to the pulmonary artery and aorta from the right and left ventricles. 


We have previously recorded our experiments on coronary venous return 
to the right heart.1. We demonstrated, in agreement with previous physiologic 
experiments, that the coronary venous return would, in response to vasopressor 
drugs and severe hypoxia, be so great as to make its removal from the open 
heart a difficult problem. Likewise, the coronary flow when there is enlarge- 
ment of the heart, such as one might encounter in many intracardiac anomalies, 
would be inereased. On the left side of the heart the bronchial venous 
return through the pulmonary veins, although not as great in volume under 
normal conditions as the coronary venous return, would be expected to in- 
crease with an increase in the bronchial artery supply to the lungs, as in the 
tetralogy of Fallot or in chronic inflammatory conditions of the lungs. As 
the coronary and bronchial venous blood empties into the open heart it be- 
comes mixed with the air to which it is exposed and many bubbles form as the 
blood and air are agitated by the motions of the heart. Further contamina- 
tion of the blood with air takes place when the blood is sucked from the 
open heart, for inevitably some air is sucked with it. 

In consideration of these findings we concluded that in open heart surgery 
provision must be made for the removal of a large volume of blood from the 
heart should the coronary or bronchial venous return be excessive from any 
cause. Further, due to the contamination of this blood with air, a debubbler 
system capable of removing the air from large quantities of blood and return- 
ing the air-free blood to the common venous pool was essential with the open 
heart prepared for intracardiac surgical procedures. 
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The debubbler system used in our early experiments consisted simply 
of an inverted Florence flask with a controllable level of blood.*| This system 
eould not debubble large quantities of blood and air and in subsequent experi 
ments we incorporated the principle of glass beads coated with Antifoam A 
to remove the air from the coronary and bronchial vein return to the open 
heart (Figs. 1 and 2), as used by Clark and associates* and more recently |) 
Helmsworth and associates. The method of control of the level of blood in 
the debubbler flask is modified from that used by these investigators in their 


artificial lung. 
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FROM DONOR FEMORAL ARTERIES BRACHIO-CEPHALIC ARTERY 


Fig. 1.—Venous and arterial circuit of cross transfusion experiments. Caval return is 
removed from recipient through the azygos and iliac cannulae directly into the pumping 
chamber and thence into the femoral vein of the donor. The coronary and bronchial venous 
return is sucked from the open heart into the flasks containing glass beads coated with Anti- 
foam A. After removal of the air the blood, free of bubbles, joins the caval return and passes 
through the pump. 


The second potential hazard which may imperil the success of a procedure 
performed on the open heart is the discharge of the air-contaminated blood from 
the right or left ventricle into the pulmonary artery or the aorta. It is the 
purpose of this communication to describe a method of prevention of air emboli 
from the open heart where the coronary and systemic circulation is maintained 
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by an extracorporeal circulation. In the course of this investigation on dogs, 
interauricular septal defects were made and repaired. 

The method of exposure of the open heart used in these experiments 
employs the replacement of the functions of the heart and lungs by the 
heart and lungs of a living donor animal, modified from the method described 
by Southworth and Peirce** and by Kerr and his co-workers.’ This prepara- 
tion is essentially a cross circulation between two dogs. The total venous 


METHOD OF CONTROL OF LEVEL OF BLOOD IN DEBUBBLER FLASKS 
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Fig. 2.—The diagram is self-explanatory. If too much air is sucked in by way of the 
coronary suction, the level of blood in flask No. 2 (Fig. 1) will fall despite maximum suction 
through the solenoid valve. Under these circumstances, the warning bell rings. Saline solu- 
tion could be used in the electrode chamber and connecting tubing if, instead of 110 volt 
AC current, a small direct current were used to activate the solenoid valves. 
blood of the recipient animal is infused into a vein of the donor animal whose 
lungs oxygenate the blood and whose left heart pumps the oxygenated blood 
back to the arterial system of the recipient animal via the femoral arteries of 
the donor and the brachiocephalic artery of the recipient. A pump previously 
deseribed® was used to remove the venous blood from the recipient animal and 
to pump it into the femoral vein of the donor. Polyethylene cannulae were 
inserted into the superior vena cava via the azygos vein and into the inferior 


vena cava via the right iliac vein of the recipient. 
: *We are grateful to these investigators for permitting us to visit their laboratory in 
September, 1951, and to observe their work prior to the beginning of our own experiment. 
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Double loops of silk were passed around the superior and inferior vena 
cava just above and below the right auricle. These threads were tightened 
during cross circulation to occlude completely the cavae. The coronary and 
bronchial venous return was sumped from the open heart and made to pass 
through the debubbler system. To avoid cerebral anoxia secondary to 
sacrifice of the brachiocephalic artery in the recipient, both carotid arteries 
of the recipient animal were ligated several weeks before the cross circulation 
experiment was carried out. At the same time an interauricular septal defect 
was made in the recipient animal, using the technique of Blalock and Hanlon.’ 
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Fig. 3.—Sutures of 00000 arterial silk with swage needle are stitched and tied to the 
edges of the graft and then the needles are secured to the drape. The drape, with the graft 
suspended in the central openings, is then placed over the open auricle and stitches are taken 
in the edges of the septal defect in a clockwise or counterclockwise direction. After each 
suture is passed through the edge of the defect it is returned to the respective spoke on the 
drape and again secured. After all sutures have been taken in the defect, the graft is tied 
down by tying one suture to the next adjoining suture. If a continuous suture is used, and 
this is easier, only four interrupted sutures are taken at 12, 6, 9 and 3 o’clock to fix the graft 
to the drape before it is placed over the open heart. 








Just prior to cross circulation between the two animals and after all 
cannulae had been inserted and the connection between the two animals estab- 
lished, each animal was given intravenously 2 mg. of heparin per kilogram of 
body weight. At the conclusion of the cross circulation and after all cannulae 
had been removed, each animal was given intravenously 2 mg. of protamine 
sulfate per kilogram of body weight to neutralize the heparin effect. Rarely 
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were larger amounts of protamine required to effect prompt clotting of shed 
blood. Blood samples were taken from the donor and recipient before the cross 
circulation was begun and after it was discontinued. Studies included are 
listed in Table II. Methods of analysis were recorded in a previous publica- 
tion.® 

With the completion of the connections between the two animals, the 
venous pump was started, the ties around the cavae tightened, and the 
arterial connections opened. Prior to opening the right auricle of the 
recipient, two electrodes were applied to the ventricles, anteriorly and 
posteriorly, and an electric shock of 110 volts, 60 eyeles, and approximately 
0.2 ampere were passed through the heart. Ventricular fibrillation usually 
began at once. The right auricle was then widely opened and the septal de- 
fect was repaired using a small piece of the animal’s own pericardium. This 
pericardial graft was usually taken and prepared before the heart was opened. 
Interrupted 00000 braided silk sutures were placed and tied along the margin 
of the graft and were fixed to a special “clock” drape designed to prevent 
entanglement of the sutures (Fig. 3). The sutures were then placed in the 
margin of the defect and tied to one another. Following closure of the defect 
the auricle was closed with a continuous silk suture. The fibrillating heart was 
electrically shocked into standstill; several shocks of 1.5 to 2.5 amperes were 
frequently necessary to cause arrest of the fibrillation. Normal eardiae function 
was then usually resumed without massage. 


RESULTS 


Ten sterile experiments were done using the donor-reecipient techniques 
described (Table I). Five animals, three donor and two recipient, of the total 
of twenty used in these experiments failed to survive the operation; four of the 
five died as a result of technical failure of the debubbler system. Modifications 
of the debubbler in subsequent experiments resulted in no further fatalities 
from this cause. All of the remaining donor animals survived indefinitely. All 
of the remaining recipient animals survived the operation and in every case 
apparently normal cardiac function was restored after periods of ventricular 
fibrillation, varying from twenty-four to forty-eight minutes. Three of the 


TABLE I. VENTRICULAR FIBRILLATION STUDY 








RECIPIENT 
VENTRICULAR 

EXPERIMENT WEIGHT FIBRILLATION 

NUMBER (KILOGRAMS ) (MINUTES ) RESULT 
28 Survival (14 weeks) 
25 D ( Died (during operation) 
27 : Died (during operation) 
26 Survival (4 hours) 
18 Survival (6 hours) 
20 Survival (12 weeks) 
19 Survival (2 hours) 
30 Survival (3 days) 
19 Survival (7 days) 
19 Survival (10 days) 
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eight recipient animals, surviving repairs of the septal defect, died two to six 
hours later on the day of operation. Three recipient animals survived from 
three to ten days and two survived until sacrifice twelve and fourteen weeks 


later. 

Shock was a major factor in the early deaths in our experiments and this 
state was contributed to by: (1) An excessively low blood flow during cross 
circulation. Accurate total flows could not be obtained with the apparatus 
used but the values obtained were estimated to be in the range of one-fifth to 
one-third of the expected normal flow for the recipient animals. (2) Hemor- 
rhage. Postoperative bleeding into the pleural space and varying degrees of 
atelectasis of the lungs were constant findings but did not appear sufficient to 
have been the sole cause of death. Death in these animals was regularly 
preceded by a prolonged period of hypotension responsive usually to vaso- 
pressor drugs, at least for a time. In later experiments blood transfusions 
were given to the recipient animals after the cross circulation was discontinued. 
It appeared that administration of blood increased the survival time as the 
recipient animal in four of the last five experiments survived beyond the day 
of operation. Improvement in operative technique was also probably a factor 
in the longer survival in the later experiments. (3) Operative trauma. (4) 
Infection. At the end of the cross circulation cultures obtained from the blood 
remaining in the pump were positive in every experiment where cultures were 
taken. (5) Metabolic acidosis (Table II). The presence of acidosis was more 
evident in the recipient animals some time after the cross circulation with the 
donor had been discontinued. Hemolysis of the blood, as evidenced by the 
presenee of free hemoglobin in the plasma, was never marked. The serum 
protein level nearly always decreased appreciably in both donor and recipient 
animals after cross circulation. Adequate oxygen saturation of the arterial 
blood was usually maintained. 

Post-mortem examination of the heart in animals dying on the day of 
operation showed areas of subendocardial hemorrhage, especially in the right 
auricle in the region of the operative intervention. Occasional petechial hemor- 
rhages were seen in the walls of the ventricles. The cause of these was not de- 
termined but may have been due to the manipulation of the heart or the elec- 
trieal shock of the heart. Heparinization of the blood probably accentuated 
bleeding from the injured vessels in the heart wall. 


DISCUSSION 


In our early experiments with the right heart open we were frequently im- 
pressed by the many bubbles of air mixed with blood in the right auricle and 
ventricle. We were concerned lest these bubbles be discharged by the ven- 
tricle into the pulmonary artery. We were even more concerned about this 
when the left side of the heart was opened, for air emboli to the coronary 
arteries are quickly fatal. The discharge of air and blood into the pulmonary 
or systemic arterial circulation is dependent on the presence of a competent 
atrioventricular valve and the systolic contraction of the ventricles. With 
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the auricle open widely the atrioventricular valve remains incompetent when 
there is an inadequate volume of air and blood in the ventricle to balloon out 
the undersurface of the atrioventricular valve during the ventricular systole. 
With only one side of the heart open and no septal defect present, the 
atrioventricular valve can be made incompetent by gentle retraction of the 
valve.* Where there is an auricular septal defect present, however, blood 
and air will gravitate or be sucked into the opposite auricle and ventricle 
and air emboli will be discharged from the opposite ventricle. In the repair 
of a ventricular septal defect, after closure of the defect, air emboli may 
theoretically occur because of the residual air in the opposite ventricle and 
auricle that is trapped before closure of the septal defect. 

The deliberate induction of ventricular fibrillation was used in the ex- 
periments reported herein to prevent systolic contraction of the ventricle and 
to prevent the sucking action of the ventricle during diastolic filling. Prior 
to the deliberate use of this maneuver in our experiments, we noticed that air 
and blood apparently disappeared into the left auricle through the septal 
defect. Presumably, it was sucked into the left ventricle from the left auricle. 
After ventricular fibrillation was induced, blood welled up in the left auricle 
and overflowed into the right auricle where it was readily sumped out of the 
heart into the debubbler system. During fibrillation there were no diastole 
or systole and thus no suction of blood and air from the auricles into the 
ventricles, nor ejection of blood from the ventricles into the pulmonary artery 
or the aorta. 

Another advantage of deliberately induced ventricular fibrillation in open 
heart surgery is that it maintains a quiet operative field, the importance of 
which was first pointed out by Southworth and Peiree.* 

It is not known whether or not any of the animals reported in these 
experiments died of damage to the myocardium as a result of ventricular 
fibrillation. We doubt, however, if ventricular fibrillation per se was harmful 
in the presence of a well-oxygenated and apparently adequate coronary blood 
flow. The experiments of Wiggers? and Beck’? and their co-workers are 
pertinent in this regard. Wiggers demonstrated the necessity for maintaining 
an adequate coronary flow by cardiac massage in the presence of ventricular 
fibrillation. He was able successfully to defibrillate the ventricles by rapidly 
repeated electrical shocks 327 times out of 328 attempts. Beck reported 
similar findings in about fifty dogs. These animals survived without any ap- 
parent cerebral or cardiac damage. Beck"! and Lampson”? and their associates 
have reported the successful defibrillation of the heart in the human being, 
apparently with return to normal function after prolonged periods of ven- 
tricular fibrillation with the coronary flow maintained by cardiac massage. 


Interauricular septal defects have been repaired in the experimental 
animal and in the clinie by several different techniques. These have been 
recently reviewed by Kiriluk and associates'* and by Gross and associates” 
the latter presenting a unique and simple technique of their own. The tech- 
nique reported herein for the repair of auricular septal defects in the experi- 
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mental animal differs from previously reported techniques as it involves the 
total isolation of the heart employing an extracorporeal circulation. Since 
this paper was prepared for publication, Mustard and his co-workers’ have 


y% 


Septal Defect Repaired 
4-7- 52 


Aur. Septal Defect 
(Repaired) 


; Fig. 4.—Experiment 1. A, Note constriction of the superior vena cava at junction with 
right auricle. 

B, Appearance of pericardial graft from left auricle. The graft has contracted to ap- 
proximately one-half of the original size. A few interrupted silk sutures are seen through 
the endocardium which covers the graft. 
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reported the total isolation of the heart with extracorporeal maintenance o 
the circulation in the repair of interauricular and interventricular septal di 
fects in dogs. No data are given with regard to any animals which hac 
repair of a septal defect, the methods of closure used, or the result obtained. 
For repair of the interauricular septal defect, when this defect alone is 
present, it is doubtful if the complex apparatus required to establish a sub- 
stitute heart (and lung) will be necessary. Trauma to the endothelium of the 
great vessels incident to cannulation and of the endocardium incident to 
exposure to air, and repeated contact with the coronary sump, are all addi- 
tional local problems to be encountered with the use of an extracorporeal circuit. 


Septal Defect Repaired 
0 235-52 


. Died , 
6-30-52 * 


Fig. 5.—Experiment 9. Note the extensive clot formation in the right auricle and superior 
vena Cava. 
We had no difficulty with thrombosis of the cavae in our early experiments 
where a single long polyethylene cannula was used for both the superior and 
inferior vena cavae.® In these experiments where the superior vena cava was 
cannulated through the azygos vein there were two incidents of complete occlu- 
sion of the superior vena cava and one partial caval occlusion (Fig. 4, A and B) 
in the five animals surviving beyond the day of operation. In one of these a 
rural thrombus on the wall of the right auricle was also present (Fig. 5). The 
evidence suggests that a thrombus may have begun in the stump of the azygos 
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vein and extended to the superior vena cava. The single cannula for both cavae 
previously referred to is simpler and probably less likely to induce venous 
thrombosis. 

The solution of two additional problems is essential for repeated success 
of the extracorporeal maintenance of the circulation: (1) The absolute assurance 
of sterility of the mechanical apparatus used. This has been repeatedly empha- 
sized by Dennis, Nelson, and co-workers. We agree that steam sterilization of the 
apparatus is desirable and we have recently changed the construction of our 
apparatus to permit autoclaving of the entire unit. (2) The maintenance of an 
oxygen supply to the tissue during total body perfusion adequate for normal 
cellular function under the existing conditions. We agree with Gibbon that a 
normal arterial-venous oxygen difference is the best assurance of adequate blood 
flow and oxygen supply. The failure to solve these problems in the experiments 
reported herein was, we believe, the principal cause of death in the early post- 
operative period. 

SUMMARY 


Two potential hazards will immediately imperil the success of an open 
heart operation. These are the quantity of the coronary and bronchial venous 
return and of air emboli to the pulmonary artery and aorta. The control of 
the coronary venous return as published in a previous paper is briefly re- 
viewed. A method for the prevention of air emboli by the deliberate induc- 
tion of ventricular fibrillation is discussed and experiments using this method 
are described. In the course of this study interauricular septal defects were 


repaired in the dog, using an extracorporeal circulation. 

The solution of the problems encountered in the repair of the isolated 
interauricular septal defect with the heart functions temporarily replaced 
is fundamental to the success of open heart surgery for other, more com- 
plicated cardiae defects. 


ADDENDUM 


Since this paper was submitted for publication, the excellent article by Ase Senning on 
the use of ventricular fibrillation to prevent air embolism in open heart surgery has come to 
our attention (“Ventricular Fibrillation During Extracorporeal Circulation Used as a Method 
to Prevent Air-Embolisms and to Facilitate Intracardiac Operations,” Acta chir. scandinav., 
supp. 171, Stockholm, 1952). He states that there is no evidence from electrocardiograms 
or histologic studies that myocardial damage follows ventricular fibrillation, for prolonged 
periods, with the coronary blood flow maintained by an extracorporeal circulation. 
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SOME EFFECTS UPON THE LIVER OF COMPLETE ARTERIALIZATION 
OF ITS BLOOD SUPPLY 
III. Acute Vascuuar NECROSIS 


LELLAND J. RatHer, M.D., AND Roy Coun, M.D., SAN FRANCISCO, CALIF. 


(From the Departments of Pathology and Surgery of the Stanford University School of 
Medicine) 


N THE controversy about the pathogenesis of acute necrotizing and in- 

flammatory changes in the vascular tree, aside from those due to the 
localization of known organisms, four hypotheses have been put forward: (A) 
that hypertension alone is sufficient to produce the lesions, (B) that in addi- 
tion to hypertension retention of metabolites is required, i.e., that renal dis- 
ease precedes the development of the vascular lesions, (C) that severe renal 
damage alone is sufficient condition for their development, (D) that they 
are manifestations of hypersensitivity. The literature on this subject is 
immense, and no attempt will be made here to summarize it. More or less 
characteristic lesions have been produced experimentally in substantiation of 
these hypotheses. 

Goldblatt? has offered in support of Hypothesis B his findings that 
azotemia and hypertension determine the development of the lesions in the 
dog and that the dog kidney “protected” against the effect of hypertension 
by partial constriction of the renal artery does not show them. Wilson and 
Pickering? and Wilson and Byrom,’ in studies of hypertension due to renal 
arterial constriction, came to the conelusion that elevated blood pressure 
alone was a sufficient condition for the development of the lesions. It may 
be that their criteria of renal excretory functional deficiency were inadequate, 
as Goldblatt* has argued. It seems probable that alternative mechanisms of 
pathogenesis exist and that the lesions must be differentiated more carefully 
on the basis of their sites of occurrence and sequences of development. Zeek, 
Smith, and Weeter® have done this, separating a hypersensitive from a hyper- 
tensive type of arteritis. 

One major difficulty in the experiments mentioned has been the difficulty 
of separating the effects of the various factors operative in the experimental 
animal. Hence the considerable interest in Byrom and Dodson’s® report of 
the rapid production of necrotizing arteritis in otherwise healthy rats subse- 
quent to a procedure which did not affect renal function. In their experiments 
they exposed the left common carotid arteries of twenty-three rats, injected 
2 ee. of Ringer’s solution “forcibly,” with ten to fifteen impulses of the 
plunger, and killed the rats three days later. Ten of the twenty-three showed 
necrotizing arteritis in various organs, including the interlobular arteries and 

Partly aided by Grant 91161-3 from the United States Public Health Service. 
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afferent arterioles of the kidneys, characterized by distention of the intims 
by exudate, fragmenting of the internal elastica, irregular brightly eosino 
philic zones of fibrinoid in the media, together with fragments of red cells; 
vesicular and pyknotie nuclei in the media; and extension of the exudate 
beyond the adventitia with the formation of cuffs of neutrophils and even 
eosinophils. 

The interest of the present report lies in the fact that, in the course of 
studies on the liver subsequent to arterialization of its portal blood supply, 
we have observed similar acute necrosis in the small portal radicles, as well 
as the development of healed lesions in hypertrophied veins bearing con- 
siderable resemblance to healed arteritis. As previously reported,’ the 
method consists in placing a homologous vein graft between the aorta and 
the proximal end of the portal vein. The distal end of the portal vein is 
anastomosed to the inferior vena cava. The hepatie arterial system is not 
interrupted. Thus the liver receives blood into the portal system under 
considerably higher pressure than normal. Measurements of the pressure 
at the hilum of the liver averaged 31 em. of water when the average systolic 
pressure was 74 mm. Hg. Ordinarily the animals surviving the operation show 
no clinical disturbance in the first sixty-day period following the operation. 
Four animals have developed severe jaundice, the earliest three weeks, and 
the latest seven weeks, after operation. At necropsy the grafts on these ani- 
mals were found to be patent. The livers were enlarged, edematous, hyperemic, 
and firm. Aside from bile staining of other tissues, no gross alteration was 
noted. 

Description of Lesions.—In Dog 28, killed twenty days after arterialization 
of the liver, all of the portal vein radicles were very much greater in caliber 
and thickness of wall than in normal dogs, and the majority of them showed 
acute necrotizing vasculitis. In the hematoxylin and eosin-stained sections, 
the thickened walls of the damaged vessels contained a large amount of 
brilliantly eosinophilic material in the form of coarse cords or clumps which 
extended beyond the outer margin of the venous wall (Figs. 1 and 2). This 
material stained black, like fibrin, in phosphotungstie acid-hematoxylin prepa- 
‘ations. It gave a strongly positive reaction with the periodic acid Schiff 
technique. This may be ealled fibrin or “fibrinoid,” and whether it originates 
by alteration of the connective tissue fibers or is dependent on the infiltration 
of fibrin from the blood cannot be determined. In view of the mode of forma- 
tion of the lesions, the latter explanation seems more likely. The intima, 
muscular wall, and perivenous region contained nuclear debris, neutrophil 
leukocytes, and fragments of red cells. Rarely an eosinophil leukocyte was 
seen. Connective tissue stains showed interruption of elastic fibers and the 
presence of coarse bundles of collagen in the media. In the intact portal 
veins collagenous fibrosis of the intima and a very striking hypertrophy of 
the muscular wall was evident (Fig. 3). The healed lesion is illustrated in 
Fig. 4 from Dog 32, which died seventy-nine days after arterialization of the 
liver. At autopsy, the lumen of the vein graft was obliterated and the shunt 
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Fig. 3. 

Fig. 1 (Dog 28-52R-199).—Cell and nuclear debris in the intima, thickening of the 
media, and infiltration by coarse, blotchy fibrinoid, appearing dark in the photograph. (Periodic 
acid-Schiff, «100, reduced one-sixth.) 

Fig. 2 (Dog 28-52R-199).—The neutrophilic infiltrate, nuclear debris, and the exten- 
sion of the infiltrate beyond the vessel wall are better shown in this hematoxylin and eosin- 
stained section. (100, reduced one-sixth.) 

Fig. 3 (Dog 28-52R-199).—An intact portal radical with a thick muscular media and 
slight intimal fibrosis. (Van Gieson-Weigert, 100, reduced one-sixth.) 

Fig. 4 (Dog 32-52R-329).—A healed lesion showing partial obliteration of the lumen by 
proliferated endothelium, and disruption of the thickened muscular wall. Infiltrate is absent. 
(Hematoxylin and eosin, x<100.) 
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was clearly nonfunctional. In this instance the lumina of many portal radicles 
were greatly constricted by proliferated cells without intervening collagen 
or elastic fibers. The thickened medial walls of these veins were incomplete 
with respect to muscle, and the gaps were filled in by connective tissue. A 
few cells may be seen in the neighborhood, but in general these lesions appear 
healed. No vascular lesions have been found in viscera other than the liver. 


DISCUSSION 


Byrom and Dodson* supposed that intravascular tension bordering on the 
limit of tolerance led to sudden overstretching of the walls, with local necrosis 
followed by seepage of blood and plasma into the weakened zones. This was 
followed by the formation of a fibrinoid plug due to the effect of thrombo- 
plastin liberated by the dead muscle, all of this in association with a reactive 
sterile inflammation. This seems an adequate and sound explanation for their 
lesions and for ours as well. Healing of the lesion would be expected if the 
high arterial pressure being led into the portal circuit were throttled off. 
This occurred in the case of Dog 32. There appears to be no alternative to 
the conelusion that the development and healing of the lesions is dependent 
on the pressure within the portal radicles. 


SUMMARY 


In dogs with venous grafts linking the aorta and the portal vein, hyper- 
trophy of the portal venous radicles occurs, and, in addition, necrotizing 


fibrinoid vasculitis of some of the veins has been found. In association with 
spontaneous closure of the graft, there may be healing of the lesions. The 
development and subsequent healing of the lesions is dependent on portal 
pressure. 
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FACTORS CONTRIBUTING TO RENAL ENLARGEMENT AFTER 
URETERODUODENOSTOMY AND CONTRALATERAL NEPHRECTOMY 


Metvin A. Buock, M.D.,* KHALIL G. Wakim, M.D., JouN H. Grinp.ay, M.D., 
AND FRANK C. MANN, M.D., RocHESTER, MINN. 


(From the Division of Experimental Medicine, Mayo Foundation) 


RAPID and great increase in the size of the remaining kidney after 
A ureteroduodenostomy and contralateral nephrectomy in dogs was re- 
ported by Bollman and Mann,’ in 1935. The striking enlargement of the 
kidney was much greater than that which occurred during the same period 
after unilateral nephrectomy alone. The pelvis and the ureter of the enlarged 
kidney were usually only slightly dilated, and infection as an etiologic factor 
was ruled out. Numerous mitotic figures were present in the tubules, sug- 
gesting that part of the renal enlargement was caused by hyperplasia of the 
tubular cells. The exaggerated compensatory hypertrophy of the kidney was 
considered to be attributable to accumulation of urinary products in the 
blood as the result of reabsorption of the urine that drained into the duo- 
denum. Fortner and Kiefer? demonstrated that retention of urinary products 
in the blood of such animals results from reabsorption of urine from the 
intestine and not from failure of renal excretion. 

In an effort to learn more concerning the stimulus for compensatory 
renal hypertrophy, we have utilized the procedure of ureteroduodenostomy 
and contralateral nephrectomy in further studies on dogs and rats. 


METHODS 


The technique of ureteroduodenostomy utilized was that deseribed by 
Beaver and Mann.* It consisted essentially of implantation of the transected 
ureter into the intestinal lumen; guide sutures were used. Special care was 
taken to mobilize as little of the ureter as possible to avoid kinking, occlusion 
of its lumen by the intestinal wall, and stenosis of its intraintestinal segment. 
In most animals, the left kidney was removed surgically and served as a 
control, while the ureter of the right kidney was transplanted to the duo- 
denum. The animals were killed and examined after the desired number of 
days or were examined immediately after spontaneous death. The weight of 
the remaining kidney at necropsy was compared with the weight of the kidney 
removed at operation, and differences in these weights were calculated as per 


cent inerease. 
RESULTS 


Effects of Ureteroduodenostomy and Contralateral Nephrectomy.—The re- 
maining kidney, whose ureter had been transplanted into the duodenum, 
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was three to nine days, and in the rats, two to six days. Before death the 
animals exhibited the usual clinical signs of uremia and lost considerable 
weight. Values for blood urea as much as 1,080 mg. per 100 ¢.¢e. occurred in 
this series. The calculated enlargement of the remaining kidney in both dogs 
and rats attained values as much as 100 per cent or more in weight and in 
volume during these survival periods. During identical periods, the com- 
pensatory hypertrophy after simple unilateral nephrectomy with the other 
kidney intact varied from 0 to 35 per cent in nine dogs and from 0 to 15 per 
cent in eighteen rats. 


TABLE I. ENLARGEMENT OF REMAINING KIDNEY AFTER URETERODUODENOSTOMY AND 
CONTRALATERAL NEPHRECTOMY IN DoGs 








BODY WEIGHT INCREASE IN 
(KG. ) HOURS WEIGHT OF KIDNEYS, WEIGHT OF 

PRE- AFTER (GM.) REMAINING FINAL BLOOD 
OPERA- OPERA- | SURGICALLY KIDNEY UREA (MG. 
TIVE FINAL TION REMOVED REMAINING (PER CENT) PER 100 c.c.) 
24.5 23. 16 55.8 60.0 7.4 — 

22.5 23 54.4 51.5 0 — 

22.5 ‘ 65.3 90.7 38.9 137 
11.6 36.5 47.8 31.0 —_— 

23.7 2. 36 43.8 74.0 68.9 189 
20.4 ‘ 39.4 59.0 49.7 _— 

13.5 5! 47.7 70.0 46.7 313 
24.5 9.5 dé 46.4 64.2 38.1 

11.4 6 24.5 33.2 35.5 —_ 

14.8 : 5 35.2 47.1 33.8 — 

20.2 20.2 y 48.5 79.3 63.5 —_— 
16.2 ef 43.0 96.0 123.3 — 

17.3 ‘ 43.0 80.5 87.2 393 
11.0 8: 24.9 , 77.9 399 
12.5 : 48.5 ; 39.2 582 

9.5 26.0 26. 116.2 856 
19.1 54.2 9, 119.6 881 
10.3 29.8 ‘ 104.7 783 
13.5 174 30.5 88.: 190.1 1,080 
20.5 175 71.0 ot 65.5 942 
22.6 220 65.5 . 92.4 858 
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The cut surfaces of kidneys remaining after ureteroduodenostomy and 
contralateral nephrectomy appeared moist. Ureteropelvie dilatation in the 
dogs was usually minimal in these experiments of short duration, but a mild 
to moderate degree of ureteropelvie dilatation was frequently present in the 
rats. Many mitotic figures were observed in the tubular cells of the remain- 
ing kidney; they were most frequent approximately seventy-two hours after 
operation (Fig. 2). Although mitotie figures were seen in all segments of 
the tubules and all regions of the kidney, they were most numerous in the 
straight tubules of the corticomedullary region. 

Subsequent to the third or fourth day after ureteroduodenostomy and 
contralateral nephrectomy, the dogs usually displayed diarrhea, which gradually 
inereased in severity. Diarrhea was especially prominent in the rats, starting 
approximately twenty-four to forty-eight hours after the surgical procedure. 
In the rats, diarrhea was often so severe that a continuous flow of watery 
stools caused the lower half of the animal’s body to be constantly wet. 
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Casts of neoprene were made of the vascular beds of both kidneys o| 
four dogs in which ureteroduodenostomy and contralateral nephrecton 
were carried out (Fig. 3). These casts disclosed that the vascular bed in 


Fig. 2.—Mitotic figures in tubules of the remaining kidney of the dog. a, Four days 
after ureteroduodenostomy and contralateral nephrectomy (hematoxylin and eosin, 300). 0D, 
Three days after ureteral ligation and contralateral nephrectomy (hematoxylin and eosin, 
<365). 
ereased concomitantly with increase in size of the kidney whose ureter was 
transplanted into the duodenum. The vessels of this kidney appeared to 
have diameters definitely larger than those of the control kidney. Evidently 


an increase in capacity of the vascular bed contributed to the renal enlarge- 
ment. 
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Early in the study, several features were repeatedly observed that raised 
the question as to whether exaggerated renal enlargement after ureteroduo- 
denostomy and contralateral nephrectomy was caused by true increase in 
normal renal tissue or merely by accumulation of water in the kidney from 
interference in the flow of urine from the ureter. These observations included: 
(1) the consistent presence of dilated veins over the surface of the remaining 
enlarged kidney, an observation also made by Bollman and Mann’ in their 


Fig. 3.—Neoprene casts of renal vascular beds. The dog’s kidney on the left increased 
190 per cent in weight and volume seven and one-half days after ureteroduodenostomy and 
contralateral nephrectomy. The surgically removed control kidney is on the right. The 
greater caliber of the vessels of the kidney after ureteroduodenostomy is prominent. 


original study and by a number of investigators** who have studied the 
effects of ureteral obstruction on the kidney, (2) the presence in the remain- 
ing kidney of widely patent or dilated tubular lumina, especially of collecting 
tubules, and of varying degrees of interstitial edema (Fig. 1), and (3) the 
presence of mild to moderate degrees of vacuolar degeneration of the tubules 
in the remaining kidney. These findings led to further studies to be described 
which suggest that the exaggerated enlargement of the kidney after uretero- 
duodenostomy and contralateral nephrectomy does not represent merely true 
compensatory renal hypertrophy alone. 
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Water Content of Kidney After Ureteroduodenostomy and Contralateral 
Nephrectomy.—Comparison of the content of moisture and ash of both kidneys 
of nine rats and of one dog was made. The enlarged kidney was analyzed 
from one to four days after ureteroduodenostomy and contralateral nephrec- 
tomy in the rats and on the sixth day after operation in the dog. The weight 
of moisture in the enlarged kidney increased from a normal value of 77 to 
78 per cent of the total weight to values that ranged mostly from 81 to 85 
per cent; 86 to 97 per cent of the increase in weight of the kidney could be 
accounted for on the basis of an increase in content of water (Table II). 
Thus, most of the exaggerated enlargement of the remaining kidney after 
ureteroduodenostomy and contralateral nephrectomy was caused by accumula- 
tion of water. 

Comparison of the content of moisture and ash of both kidneys was made 
in unilaterally nephrectomized rats (Table III). No significant increase in 
content of water was found in the remaining kidney after this procedure. 
This agrees with observations recorded by other investigators.® ° 

Renal Function After Ureteroduodenostomy and Contralateral Nephrec- 
tomy.—The funetional capacity of the enlarged kidney after ureteroduo- 
denostomy and contralateral nephrectomy was determined by means of a 
second operation on the dogs on the third day after the original procedure ; 
during this second operation a polythene tube was placed in the ureter of 
this kidney to drain the urine externally. The excretion of phenolsulfon- 
phthalein (P.S.P.) by the enlarged kidney was found to be greatly reduced. 
In other experiments we noted, as did Rowntree and Geraghty,’ little or no 
decrease in excretion of P.S.P. after unilateral nephrectomy alone. Thus, 
even though the enlargement of the remaining kidney was greater after 
ureteroduodenostomy and unilateral nephrectomy than after unilateral nephrec- 
tomy alone, the function of this enlarged kidney actually was considerably 
diminished. After catheterization of the ureter of the remaining kidney of 
ech dog whieh underwent ureteroduodenostomy and contralateral nephrectomy, 
the kidney decreased greatly in size yet its ability to excrete P.S.P. improved. 

Disturbed Ureteral Function as a Factor.—In an attempt to accomplish 
ureteroduodenostomy and contralateral nephrectomy without interference 
with ureteral function, a suprapubic cystostomy was performed and a poly- 
thene tube was placed in the duodenum of six rats. In three of the rats, one 
kidney was also removed. Similarly, in two dogs, after the left kidney was 
removed, separate polythene tubes were placed in the duodenum and in the 
right ureter and were brought to the outside through stab wounds. All urine 
excreted from each animal was reinjected into its duodenum at short intervals. 
The weight of the kidneys was then determined after a period varying from 
thirty-two to 110 hours in the rats and after two and one-half and four and 
one-half days in the dogs. Although the condition of ureteroduodenostomy 
and eontralateral nephrectomy was duplicated in these animals, the exag- 
gerated inerease in the remaining kidney did not oeeur. This suggests that 
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the procedure of ureteroduodenostomy is responsible for the enlargement of 
the kidney and that the enlargement is not a response to the reabsorption of 
excreted urinary products. 

Extensive diuresis was noted during these experiments, just as was 
noted in experiments in which ureteroduodenostomy and contralateral nephrec- 
tomy were carried out. Actually, the daily volume of urine in cubic centimeters 
exceeded the body weight in grams in some of the rats. 

Enlargement of the corresponding kidney and eventually hydronephrosis 
occurred frequently after unilateral ureteroduodenostomy in dogs, even 
though the other kidney was intact (Fig. 4). In some animals, no change 


Fig. 4.—Renal enlargement in the dog. a, After unilateral ureteroduodenostomy with the 
other kidney intact. The ureter of the kidney on the left was transplanted to the duodenum ; 
three days later both kidneys were removed. Pelvic dilatation is absent. The weight of the 
kidney on the left was 24 per cent greater than that of the contralateral kidney. b, After 
unilateral ureteral occlusion. The ureter of the kidney on the left was occluded; five days 
later both kidneys were removed. The weight of the kidney on the left was 24 per cent 
greater than that of the contralateral kidney. Significant pelvic dilatation is absent. 
was noted in the kidney early after unilateral ureteroduodenostomy, but 
eventually all such kidneys showed some evidence of interference in flow of 
urine from the ureter. Geer and Dragstedt,’’ as well as Reid,'* observed that 
unilateral ureteroduodenostomy or ureterovenous anastomosis was followed 
consistently by hydronephrosis of the involved kidney, although actual 


mechanical oeelusion of the ureter had not occurred. 





BLOCK, WAKIM, GRINDLAY, AND MANN 


A polythene tube was placed in the ureter from the renal pelvis to ¢] 
duodenal lumen at the time of ureteroduodenostomy and contralater: 
nephrectomy in three dogs in an effort to insure patency of the ureter th: 
was transplanted into the duodenum. Maintenance of the patency of 


Fig. 5.—Changes in the remaining kidney after ureteral occlusion and contralateral 
nephrectomy in the dog. Compare with Fig. 1. a, Kidney on left increased 92 per cent in 
weight and volume three days after operation. The surgically removed control kidney is on 
the right. b, Cut surfaces of same kidneys. No significant pelvic dilatation is present. 6, 
Cortex of remaining kidney. Tubular dilatation is present (hematoxylin and eosin, 85). 4d, 
Cortex of control kidney. Tubules are not dilated (hematoxylin and eosin, *85). 


ureteral lumen in this manner did not prevent the exaggerated increase in 
size of the remaining kidney. An objectionable feature of this procedure, 
however, is that the presence of the tube in the ureter may have reduced 
urinary flow by interference with ureteral function. In other experiments we 
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have observed a decreased ability of the kidney to excrete P.S.P. after 
cannulization of the ureter with a polythene tube for several days. 

Early Effects of Ureteral Occlusion on the Kidney.—Complete occlusion 
of the ureter in additional experiments on dogs and rats resulted in great 
enlargement of the corresponding kidney during the first few days after 
production of the obstruction (Figs. 4 and 5). This has been observed by a 
number of other investigators.* * 1° As noted by Strong,* renal enlargement 
during such periods was accompanied by inconspicuous or only mild uretero- 
pelvie dilatation. 

The enlargement of kidneys whose ureters were occluded appeared 
microscopically to be caused largely by tubular dilatation, as observed by 
Strong and by Ponfick.’* Futhermore, during this period many mitotic figures 
were present in the tubules of kidneys whose ureters were occluded (Fig. 2). 
Although mitotic figures were less numerous if the contralateral kidney was 
not removed when the ureter of the other kidney was occluded, nevertheless 
they occurred in the kidney with the occluded ureter even though the presence 
of the opposite kidney prevented accumulation of urinary excretory products 
in the blood. Early degenerative changes were present in the tubular cells of 
the kidneys whose ureters were occluded. Thus, the findings after ureteral 
obstruction alone were similar to those observed after ureteroduodenostomy 
and occurred even though the contralateral kidney was left intact. 

Influence of Urinary Constituents—The urine exereted by the kidney of 
a dog whose ureter was catheterized three days after ureteroduodenostomy 
and contralateral nephrectomy was coneentrated by evaporation and was 
administered to rats orally and placed in the duodenum by means of a tube. 
The purpose of this experiment was to determine whether some substance 
might be present in the urine of such dogs that could stimulate renal enlarge- 
ment. When the urine was administered in large volumes, the rats died within 
forty-eight hours. In other rats concentrated urine was administered re- 
peatedly over a period of five days. Renal enlargement did not occur in any 
of these animals. 

After ureteroduodenostomy and contralateral nephrectomy in rats, the 
entire intestinal tract would be filled with fluid which continuously dripped 
from the anus, yet ureteropelvic dilatation was present in the remaining 
kidney. Thus, the question arose as to the role of diuresis in the production 
of renal enlargement. However, frequent administration of diuretic agents 
failed to influence renal size in rats, in agreement with results reported by 
other investigators.**"*° 

Intraluminal Intestinal Pressure as an Additional Factor.—In an effort to 
determine whether the intraluminal pressure of the duodenum tended to 
interfere with flow of urine and thus to cause enlargement of the kidney, 
the ureters of the remaining kidneys were implanted into the blind end of 
Roux-Y loops of duodenum of various sizes after contralateral nephrectomy 
in nine dogs. Reduction of the intraluminal pressure in the intestine at the 
site of ureteral implantation should be present in such dogs. Although this 
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TABLE IV. INCREASE IN WEIGHT OF REMAINING KIDNEY AFTER TRANSPLANTATION OF Ri 
URETER INTO Roux-Y Loop AND LEFT NEPHRECTOMY IN DoGs 





INCREASE IN 
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| PRE- AFTER (GM. ) REMAINING FINAL BLO 
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22 11.5 10.5 40 30.2 33.3 10.3 
23 16.4 14.0 43 68.1 69.4 1.9 301 
24 23.5 19.0 64 68.9 74.3 7.9 - 
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27 8.2 92 20.9 30.8 
28 13.4 92 42.3 45.1 
29 5. 115 22.2 23.7 ). - 
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procedure did not always prevent the exaggerated enlargement of the remain- 
ing kidney, it frequently minimized it, even though all other factors asso- 
ciated with ureteroduodenostomy and contralateral nephrectomy, such as 
retention of urinary excretory products, remained the same (Table IV). 


COMMENT 


The findings in this study indicate that the exaggerated increase in weight 
of the remaining kidney after ureteroduodenostomy and contralateral nephrec- 
tomy is largely due to an accumulation of water in this kidney. The increase 
in renal content of water is attributable in large measure to an increase in 
intratubular content of fluid and, in addition, to a moderate degree of inter- 
stitial edema. An important factor in the production of these changes is inter- 
ference in the flow of urine through the ureter. The increase in the vascular 
bed of the kidney as shown by easts of neoprene appears to be caused mainly 
by vaseular dilatation. 

Many possible causes exist for interference in the flow of urine from the 
kidney after ureteroduodenostomy; these have been emphasized by other 
workers.'*-**. It is well recognized that normal ureteral function is relatively 
easily disturbed and that impairment of urinary flow and hydronephrosis 
follow. Decreases in the lumen of the ureter need not be great to cause 
hydronephrosis. However, evidence of impaired flow of urine in our experi- 
ments could not be eliminated completely by the maintenance of a patent 
ureteral lumen by means of a polythene tube placed through the ureter into 
the duodenum. This and the other data presented suggest that intraluminal 
intestinal pressure may be one factor involved in the interference in flow of 
urine and that mechanical obstruction of the ureter was not the predominant 
cause of the interference in our experiments. Reports concerning intraluminal 
pressures in the duodenum as well as pressures that cause hydronephrosis 
are compatible with this concept.***° 

Clinical reports concerning ureterocolostomy in man also suggest that 
intraluminal pressure in the intestine may well play a significant role in the 
frequently occurring interference in flow of urine after this procedure.'® *~”’ 
Pressures in the rectum and sigmoid reach relatively large values.*? Accord- 
ing to Baker,** even anastomosis of the bladder to a defunctionalized reetum 
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in dogs is followed in twelve to twenty-four months by incompetency of the 
ureterovesical valve so that ureteral dilatation and reflux up the ureters from 
the rectum occur. Thus, it is probable that the influence of intraluminal 
pressure within the intestine, in addition to other important factors, such as 
ureteritis and necrosis and stenosis of the intraluminal segment of the 
ureter, plays a significant role in the diminished ureteral and renal function 
and the renal infection that occur so frequently after ureteroenterostomy. 
Impaired ureteral function as a cause of diminished flow of urine and 
hydronephrosis is emphasized by the experimental work of Greene,** * in 
which hydronephrosis was produced in the dog by repeated dilatation of the 
ureter. 

Even though mitotic figures were numerous after ureteroduodenostomy 
and contralateral nephrectomy, especially after three days, hyperplasia did 
not appear to be a prominent factor in the production of the renal enlarge- 
ment. The numerous mitotic figures perhaps ean be attributed to the facts 
that (1) after unilateral nephrectomy alone, mitotic figures increase in the 
remaining kidney® ** ** and (2) mitotie figures are seen in the kidney asso- 
ciated with regions of degeneration or necrosis caused by a variety of con- 
ditions. Mitotic figures were increased in kidneys whose ureters were trans- 
planted into the duodenum or were occluded, even though the contralateral 
kidney remained intact so that no retention of urinary excretory substances 
occurred. Furthermore, this contralateral intact kidney did not show an in- 
crease in mitotic activity. We have also noted an increased number of mitotic 
figures in the livers and pancreata of rats two to three days after occlusion 
of the excretory ducts of these organs; this agrees with results of other 
investigators.**-*! Infection and inflammation did not appear to be significant 
factors in the production of the renal changes noted during the short periods 
involved in the present study. 

The findings in this investigation do not provide evidence to support 
the concept that compensatory renal hypertrophy is primarily a work hyper- 
trophy specifically related to the functions of the kidney in the excretion of 
substances or alteration of substances for excretion. The function or 
functions of the kidney that are involved in the stimulus for renal hypertrophy 
after unilateral nephrectomy have not been clearly elucidated. Many workers 
have emphasized the influence of dietary protein and the endocrine organs, 
especially the pituitary body, on the weight of the kidneys, compensatory 
renal hypertrophy, and renal function.**°* Compensatory renal hypertrophy 
for the most part fails to occur in the hypophysectomized animal. Whether 
the role of the anterior lobe of the pituitary body is more than that of an 
important modifying factor in renal size and function has not been established 
in light of the fact that a specifie renotropie principle has not yet been 
isolated. 

SUMMARY AND CONCLUSIONS 


1. The procedure of ureteroduodenostomy and contralateral nephrectomy 
in dogs and rats results in great enlargement of the remaining kidney prior 
to death of the animal from uremia. 
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2. The exaggerated increase in weight and volume of the remaini) 
kidney is caused largely by accumulation of water, which appears to 
intratubular and interstitial. Increase in volume of the renal vascular }y 
occurs and numerous mitotic figures are present in the cells of the tubules 
especially after three days. 

3. The greater enlargement of the kidney after ureteroduodenostomy and 
contralateral nephrectomy than after unilateral nephrectomy alone appears 
to be closely related to interference in urinary flow. Important factors % 
contribute to impaired flow of urine along the ureter are the intraluminal! 


pressure in the intestine and impaired ureteral function. 

4. The exaggerated enlargement of the remaining kidney after uretero- 
duodenostomy and contralateral nephrectomy is not caused specifically by 
the retention of substances altered or eliminated by the kidney in carrying 
out its excretory function. 

). The importance of normal ureteral peristalsis in maintenance of 
normal urinary flow and the relative ease with which ureteral function is 


disturbed by manipulation are emphasized. 
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AN EVALUATION OF SEGMENTAL GASTRIC RESECTION FOR 
THE TREATMENT OF PEPTIC ULCER 
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THomMAS O. Murpuy, M.D., MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota Medical School) 


HIS report is a critical evaluation of segmental gastric resection, as per- 

formed in this hospital over the last two and one-half year period. It has 
been used in ninety patients and the results among these have been compared 
to the results in 953 patients, who earlier underwent Billroth II type gastric 
resections between the years of 1940 and 1949 for benign lesions of the esopha- 
gus, stomach, or duodenum.’ 

The basis for this short-term evaluation was obtained from regular follow- 
up examination of patients in the outpatient department and completion of a 
questionnaire by all of the patients. 

REVIEW OF THE LITERATURE 

Segmental resection* of the stomach is not a new operation. This name 
was first adopted for the procedure by Mikuliez in 1897. The first formal re- 
ports on the subject were made by Riedel in 1909 and 1912,* * who recom- 
mended it as an operation for gastric uleer. Payr’® wr:..e of segmental resec- 
tion at this time with enthusiasm. Even at that early date, however, Hoff- 
mann, Mikuliez, and others had observed recurrent ulcers following segmental 
resections, and other undesirable features, such as pylorie obstruction and 
hour-glass deformity, were all too frequent. The last words of encouragement 
for segmental resection were spoken with some reticence by Judd and Lyons 
of the Mayo Clinie in 1922.6 They advised the procedure for midgastric 
lesions. In 1929, Connell’? proposed fundusectomy, an operation which re- 
moved a pie-shaped segment from the greater curvature of the stomach, for 
duodenal ulcer. A modification of this procedure was done by Wangensteen 
in 1940, in which the entire greater curvature was excised converting the 
gastric remnant into a linear tube. The segmental resections as done by 
German surgeons at the turn of the century and fundusectomy as proposed by 
Connell resulted in high recurrence rates.1® The amount of stomach resected, 
especially the acid-secreting area, was too small to protect against recurrent 
uleer. 


Received for publication, Oct. 2, 1952. 

*Segmental gastric resection, which is a 75 per cent resection of principally the acid- 
producing area of the stomach, should not be confused with tubular gastric resection. The 
latter procedure, reported on by Dr. William D. Kelly” at the 1952 meeting of the Forum on 
Fundamental Surgical Problems, is at present being assessed in patients. Over-all evaluation 
of tubular gastric resection to date is encouraging but a final analysis is not possible. 
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DEVELOPMENT AND DESCRIPTION OF THE SEGMENTAL RESECTION 


With this in mind, the first and most objectionable feature of earlier see- 
mental resection was overcome by resecting more stomach, specifically the 
acid-producing portion. The operation as done at present’ is designed to re- 
move all but 5 to 10 per cent of the acid-secreting area of the stomach, and 
yet not remove the pyloric antrum. This would seem to be a rational opera- 
tion for uleer, in that a maximum of acid-secreting tissue is removed, and at 
the same time the difficulties encountered in closing the duodenal stump 
be avoided. 

The weight of the resected specimen in segmental gastric resection, com 
pared to three-quarter gastric resection of the Billroth II variety with and 
without removal of the antral mucosa, is illustrated in Table I. The weight 
of the resected specimen from patients with nonobstructing duodenal ulcers 
shows little variation, and is the most reliable index of extent of resection. 
Specimens from patients who have pyloric obstruction or gastric uleers show 
greater variation in weight, and are not considered as reliable an index of 
extent of resection. Cross, Ferguson, and Wangensteen have shown this re- 
section was adequate in protecting dogs against histamine-induced ulcers.'° 

The second disagreeable feature of segmental resection, as it was known 
at the turn of the century, was delayed pyloric emptying, or actual obstruction. 


T 


ABLE I. WEIGHT OF RESECTED SPECIMENS 




















NONOBSTRUCTED (GM.) | OBSTRUCTED (GM.) 
Duodenal Ulcer =. 
1. Three-quarter resection with antrum 176 276 
2. Three-quarter resection leaving 172 224 
distal antrum without mucosa 
3. Segmental resection 163 216 
Gastric Ulcer 
1. Three-quarter resection with antrum 183 289 
2. Three-quarter resection leaving 183 243 
distal antrum without mucosa 
3. Segmental resection 153 283 
TABLE II. EVOLUTION OF A SATISFACTORY PROCEDURE FOR GASTRIC EMPTYING 
pam | nies) ia : 7 | PRESENT 
CASE NO. AND | INITIAL PROCEDURE | SUBSEQUENT | EMPTYING 
PATIENT ON PYLORUS | RESULT PROCEDURES TIME 
1. M. H. Nothing Pylorie obstruction None 30 min. 
3. | AD. Nothing Satisfactory None 41% hr. 
3. L. Z. Nothing Pyloric obstruction H.-M.t pyloroplasty 1% hr. 
4. E. AK. Extramucosal Pyloric obstruction H.-M. pyloroplasty 30 min. 
pylorotomy 
5. N. B. Nothing Satisfactory None 20 min. 
6. C.S. Extramucosal Satisfactory None 4 hr. 
pylorotomy 
7. F.B. Longitudinal Satisfactory None 2 hr. 
pylorotomy 
8. W. M. Extramucosal Pylorie obstruction H.-M. pyloroplasty 2 hr. 
pylorotomy 
9. J.P. Longitudinal Pylorie obstruction H.-M. pyloroplasty 1 hr. 
pylorotomy . 
10. B. B. _ Longitudinal Satisfactory None 15 min. 
pylorotomy 








*This operation was done for leiomyoma of stomach. 
tHeineke-Mikulicz pyloroplasty. 
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How this was overcome in the present group can best be illustrated by re- 
ferring to the first ten patients operated on in this hospital in this manner and 
listed in Table II. 





area of | 
resection ~ 











ulcer 
croters 


i, 





Fig. 1.—(a) Sternotomy incision. (b) The area of the stomach to be excised. The 
shaded areas show the size of the residual fundic pouch and the pylorotomy incision. The 
light area to be excised is 80 per cent of the entire stomach and 90 per cent of the acid-secret- 
ing area. (c) The maximal count of parietal cells is in the light area; in the fundic zone 
the parietal cell count per unit of area is less; moreover, studies on isolated pouches in the dog 
show there is less acid secreted there per unit of area than in the corporic light zone; there are 
few parietal cells in the antrum. (d) Two ulcer craters are shown just beyond the pylorus; 
the long duodenoantral slit affords good visualization of the entire pyloric region. (e) The 
mage ean incision is closed transversely in two layers. (From Wangensteen, J. A. M. A., 
. ay, +) 


The only reliable procedure to avoid pylorie obstruction, following seg- 
mental resection, was longitudinal pylerotomy with transverse closure. On 
all subsequent patients in this series, this was done. The fact that the pylorus 
is vagotomized when a large segment of stomach is excised probably accounts 
for this complication which was so troublesome in the past. 

The learning process was lengthy owing to the fact that pylorie obstruc- 
tion was not anticipated. Inadequate excision of acid-producing gastrie mu- 
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cosa was thought to be the only defect of the operation as done at the tur 
of the century. 

Figs. 1 and 2 demonstrate segmental resection as it is done today. An 
extrapleural sternal splitting approach, which extends into the fourth inte; 
space on the left, is utilized. Though pain in the incision may be a bit mom 


Fig. 2.—(f) The beginning of the anastomosis, following completion of the excision of 
the gastric tissue. (g) The clamps have been reversed, and the two corner stitches at each 
end are placed. (h) The pouch has been opened and a few mucosal stitches are placed. At 
this juncture, the indwelling duodenal tube, which during the operation was pulled back into 
the esophagus, is now pushed through the pyloroplasty, well into the duodenum. (i and )) 
Completion of the anterior row. (k) Rotation of the anastomosis to permit placement of a few 
additional interrupted silk sutures in the posterior row, from the outside. (1) The completed 
anastomosis. The lesser curvature is attached by a few sutures to the hepatic margin of the 
hepatoduodenal ligament. (From Wangensteen, J. A. M. A., May, 1952.) 


severe immediately following operation in these patients than it is in those 
with conventional abdominal incisions, this incision has given excellent ex- 
posure with a low incidence of complications. 
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PATIENTS SUBJECTED TO THE SEGMENTAL RESECTION 


Of the ninety patients operated upon, there were seventy men and twenty 


women, and the average age was 54.7 years. 

The indications for surgery were predominantly the conventional three 
of pain, hemorrhage, and obstruction. In addition, however, the possibility 
of caneer in a gastric uleer and esophagitis with esophageal strictures were 
indications for gastric resection in this group. The indications for surgery 
are summarized in Table III. 


TABLE III. INDICATIONS FOR SURGERY 








Uleer pain 47 
Uleer hemorrhage Lf 
Uleer obstruction 12 
Possible malignancy 10 
Esophagitis and/or esophageal stricture 4 

Total 90 








The lesions encountered at surgery, as indicated in Table 1V, show a wide 
field of usefulness for the operation. 


TABLE IV. LESIONS ENCOUNTERED AT SURGERY 








Duodenal ulcer 
Active 46 
Deformed duodenum 20 

Gastric ulcer 

Esophagitis and esophageal stricture 

Stomal ulcer 

Leiomyoma of the stomach 

Acid stricture of the stomach and esophagus 

Hourglass deformity of the stomach 


— 





Total 





ACID VALUES 


The preoperative and postoperative acid values are available in the great 
majority of the cases. The average free gastric acid value with triple hista- 
mine stimulation, prior to operation, in duodenal ulcer patients, was 88°. 
In gastric uleer patients this value was 50°. Following operation, there were 
only five patients who had any free acid following triple histamine stimulation, 
and the highest value was 30°. 

The postoperative x-ray picture of the gastric pouch following a seg- 
mental resection varies from that ordinarily seen after conventional resection. 
Some of the early cases showed a definite tendency to the previously men- 
tioned hourglass deformity and, because of this, one patient with obstruction 
at the upper anastomosis was reoperated upon. The gastric emptying time 
has been studied carefully during the postoperative period. Although there 
has been immediate passage of some barium from the stomach to the duo- 
denum, the average time until the stomach was empty was fifty minutes. This 
is slower than is usual after a Billroth II type gastric resection. 

There have been four deaths in the group. Two were operative deaths 
and oeeurred within one month of surgery, giving an operative mortality rate 
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of 2.2 per cent. One of these operative deaths was due to bile peritonitis which 
followed the incidental removal of an intrahepatic gall bladder, at the time of 
the gastrie resection. The other operative death occurred six days following 
operation, and was the result of peritonitis due to a perforation of the lower 
end of the esophagus. The operative mortality rate of the comparative group 
for the years 1947 to 1949 was 2.7 per cent. The remaining two deaths oe- 
curred four and seven months following operation. One of these patients died 
four months following operation. Post-mortem examination revealed non- 
specific encephalitis. The other patient died seven months after segmental] 
resection performed for esophagitis with stricture. This patient, a 64-year-old 
man, was in need of dilatations which he refused to accept. He succumbed 
ultimately to the effects of malnutrition with patent evidence of emotional 
instability owing to cerebral arteriosclerosis. 


POSTOPERATIVE EVALUATION 


The postoperative evaluation will be considered from the following as- 
pects: early postprandial distress, hypoglycemic symptoms, food intolerance, 
maintenance of nutrition, postoperative weight change, recurrent ulceration, 
maintenance of occupation and degree of endurance, anemia, and the patient’s 
opinion regarding the benefits obtained. 

1. Early Postprandial Distress —Karly postprandial distress was first de- 
seribed by Denechaux in 1907," and, later, Hertz’? in 1915 noted the syndrome 
in patients who had undergone gastroenterostomy. Mix in 1922'* affixed to 
this syndrome the name ‘‘dumping,’’ because he observed rapid gastric emp- 
tying on x-ray examination. His patient was much improved when the gastro- 
jejunal anastomosis was taken down, and normal bowel continuity restored. 
Postgastrectomy distress after eating has come into prominence in the last 
five years, and the incidence reported after gastric resection is increasing, 
probably because of more careful follow-up studies. The incidence of some 
degree of postprandial distress one year or more following operation is prob- 
ably in the range of 40 per cent. 

The early postprandial distress syndrome tends to be divided into two 
groups. The more common of these begins immediately after eating, and con- 
sists of one or more of the following symptoms: nausea, sweating, palpitation, 
weakness, dizziness, and fatigue. These symptoms may or may not be accom- 
panied by the less frequent combination of nausea, abdominal cramps, and 
diarrhea, which also oceurs within fifteen minutes of eating..* A summary of 
the frequency and severity of early postprandial distress in segmental gastric 
resection and in Billroth II gastric resections is shown in Table V. 

2. Hypoglycemia Symptoms.—The late postprandial distress syndrome oc- 
curs from one and one-half to three hours after eating, and resembles the 
early phase of the syndrome in many ways. The patients also feel weak, sweat, 
and suffer from palpitation and oceasional fainting spells. Hypoglycemia is 
generally agreed upon as the cause of late postprandial distress. The mecha- 
nism may be looked upon as the following: There is first a rapid gastrointes- 
tinal absorption of glucose, followed by hypoglycemia, and abnormally large 
production of insulin, and lowered blood sugar which is not buffered by con- 





SEGMENTAL GASTRIC RESECTION AND PEPTIC ULCER 


TABLE V. POSTPRANDIAL DISTRESS 








BILLROTH II SEGMENTAL 
(PER CENT) (PER CENT) 





Gradation of Symptoms 
A. Asymptomatic 5) 49 
B. Mild symptoms 5 times weekly or less 26 37 

or with overindulgence in food 
C. Moderate severity 1 to 3 times daily 14 
D. Symptoms at least once daily of a 5 0 
severity to incapacitate the patient 

Type of Early Distress 

I. Weakness, sweating, palpitation, é 44 
drowsiness, dizziness 

II. Nausea, cramps, diarrhea 18 30 
IIf. Mixed 23 26 





tinuous absorption of glucose from the gastrointestinal tract. Patients often 
volunteer the fact that they can rid themselves of the symptoms of late post- 
prandial distress by eating candy or cookies, or by drinking something sweet. 
These symptoms are not a problem following segmental gastric resection. 
There were only five patients who, on careful interrogation, admitted ever 
having experienced the symptoms, while in the comparative group of Billroth 
II resections 17 per cent of the patients were troubled with these symptoms. 

3. Food Intolerance.—Food intolerance with segmental resection is the same 
as that seen in other forms of gastric resection. There is a striking distaste 
or intolerance to milk, ice cream, and sweets, sometimes to all three. Fifty 
per cent of patients presented at least one of these. Rauch found this to be 
the case in 52 per cent of his series.1 Some patients avoid these dairy products 
because of dislike ; however, in many, some of the symptoms which characterize 
the dumping syndrome are precipitated by the ingestion of milk and cream. 
Other dairy products such as butter and cheese do not cause difficulty. There 
is no good explanation as yet for this singular observation. 

4. Postoperative Weight Status——Weight loss occurs with regularity, fol- 
lowing segmental resection. Since weight loss is most striking in the first 
year or two following operation, this factor will be emphasized beyond its 
significance in this series. Normal weights were taken as the usual weight 
for five years preceding operation, and although this is often much higher 
than the admission weight, occasionally it is lower. The average weight loss 
of the entire group was nineteen pounds. Some of these patients, of course, 
are only six months postoperative. Eighty-eight per cent of the group lost 
weight, 12 per cent maintained their weight or gained. A factor of consider- 
able significance, however, is the fact that of those people who lost weight, 74 
per cent were in the ideal weight range for their height and body build and 
26 per cent were below their ideal weight. Many patients gain a considerable 
amount of weight on an ulcer regimen which is lost after operation when these 
patients alter their diet considerably. 

Sixteen of the patients who underwent segmental resection were hos- 
pitalized for one week at a time over six months after operation. Intake- 
output balance studies were done to evaluate fat excretion. All patients were 
given 80 Gm. of fat in their diet per day and all stools were marked with ecar- 
mine. An excretion of over 10 per cent of fat intake is abnormally high. Five 
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of this group of sixteen patients excreted over 10 per cent of fat intake. The 
highest was 12 per cent. Fat excretion in the remaining eleven patients was 
within normal limits. The details of this study will be reported elsewhere, 
with a comparison to other types of subtotal and total gastrectomy. 

5. Recurrence of Ulceration —The most condemning feature of segmental 
resection in the past, recurrent ulceration, has not occurred. This is based on 
clinical and x-ray evidence. Large ulcers visualized at the time of surgery 
have disappeared on postoperative x-ray in every instance, a circumstance 
which suggests definitely that it is not necessary to excise a duodenal ulcer 
to allay the uleer diathesis effectively it an otherwise satisfactory operation 
is done. 

6. Maintenance of Nutrition—To assess maintenance of normal nutrition 
beyond obvious elinical vitamin deficiency syndromes and marked weight loss, 
we asked the patients to estimate the total quantity of food they ingested and 
compare it to the amount they took prior to surgery. Seventy-three per cent 
of the patients ate 75 per cent or more of their former diet. All but three or 
four of the remaining patients had undergone surgery within the six months 
prior to questioning. 

7. Maintenance of Occupation—Most of the patients have returned to 
their previous occupation, which they can handle with somewhat less en- 
duranee than formerly. The average time between operation, and return to 
work was 2.4 months. The group of patients on whom Billroth II operations 
were cone in 1949 went back to work again in 3.3 months. 

8. Anemia.—There has been one case of anemia, which became manifest 
about four months after surgery. This patient had a tenuous diagnosis of 
pernicious anemia made some years before, and had been taking liver. Since 
the diagnosis had never been definitely established, all therapy was discon- 
tinued. This woman, when seen four months after surgery in the outpatient 
department, had a hemoglobin of 5 Gm., although one month previously the 
hemoglobin had been 13.5 Gm. This is typical of pernicious anemia. The pa- 
tient in question responded to vitamin B,,. There have been no eases of hypo- 
chromic microcytie anemia in the series. It is Bohmansson’s opinion, based 
on experience gained in following 1200 cases of Billroth I type gastrectomy, 
that anemia is much less common in this type of operation than in Billroth II 
resection." 

9. Patients’ Opinion.—As is the ease with most operations for peptic ulcer, 
over 90 per cent of these patients felt that they were improved. Some were 
immensely happy about the result and were not hesitant in telling about it. 
Four patients of the ninety feel they have not been helped by the operation. 

To arrive at an over-all evaluation, all of the foregoing factors were taken 
into consideration, and the criteria listed in Table VI were used to classify the 
patients as excellent, satisfactory, or poor. 

The results of over-all evaluation are as shown in Table VII. 


DISCUSSION 


The evolution and early evaluation of segmental gastric resection for 
treatment of the acid-peptic diathesis, designed to remove the greatest portion 
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TABLE VI. BASIS FOR OVER-ALL EVALUATION 








Excellent 
. No early postprandial distress 
2. Loss of less than 12 pounds 
3. Patient’s affirmative statement of success 
. Absence of recurrent ulceration 
). Ability to ingest as much as before surgery 
3. Maintenance of full-time occupation 


. Recurrence of ulceration 
2. Marked weight loss, improper nutrition 
. Frequent and incapacitating dumping 
. Inability to maintain occupation 
5. Patient’s statement that operation was failing 
6. Moderate severity of 2 or more of preceding 
Satisfactory—Lies between these extremes 





. 


TABLE VII. RESULTS OF OVER-ALL EVALUATION 








SEGMENTAL BILLROTH IL 

(PER CENT) (PER CENT) 
Excellent 25 26 
Satisfactory 66 63 
Poor 9 11 








of acid-secreting mucosa per gram of stomach resected, are presented. All 
patients were operated upon utilizing the technique of Wangensteen.° 
Segmental gastric resection, as done at the turn of the century, was con- 
demned because of the high incidence of pyloric obstruction, and prohibitive 
recurrence rate. Pylorie obstruction was treated in the present group with 


extramucosal pylorotomy, later with longitudinal pylorotomy; however, only 
longitudinal pylorotomy with transverse closure (Heineke-Mikulicz pyloro- 
plasty) could be depended upon to prevent pyloric obstruction. Three of the 
four patients considered as poor results did not have a primary Heineke- 


Mikuliez pyloroplasty. 

Reeurrent ulceration has not occurred in the ten to thirty-six month fol- 
low-up study period. Ulcers visible in the duodenum on preoperative x-ray 
and at operation have disappeared in all cases at the time of the first post- 
operative x-ray examination, taken within three months after operation. 

Free gastrie acid on triple histamine stimulation was found to be present 
in only five patients of a total of ninety who underwent segmental resection. 
With little or no acid production, the gastrin-containing antrum serves only 
the beneficial effect of increasing the gastric pouch capacity. 

A slower gastric emptying time than is seen after Billroth II is the rule 
after segmental gastric resection. No correlation between gastric emptying 
time on x-ray examination and early postprandial distress could be made. 
Some patients with very slow gastrie pouch emptying exhibited the symptoms 
of ‘‘dumping,’’ as did those patients with immediate and complete emptying. 

Early postprandial distress occurs with about the same frequency as after 
sillroth II partial gastric resection; however, improvement is.expected in the 
segmental group, when the patients are longer postoperative. A great per- 
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centage of segmental resection patients had difficulty with nausea, abdominal 


cramps, and diarrhea, which are ‘‘dumping’’ symptoms rarely of a persistent 
nature. The comparative series of Billroth I] procedures were evaluated at 
an average of 4.6 years after the operation. 

The average weight loss after operation compared to the weight of the 
patient five years prior to operation was nineteen pounds. 

The time between operation and return to full employment averaged 2.4 
months. 

Hypochromie ‘anemia has not oceurred. A lower incidence of anemia after 
segmental or Billroth I type gastric resection, as compared to Billroth I 
resection, may be due to the fact that in the former the iron-bearing food is 
allowed to pass through that portion of the bowel responsible for a large por- 
tion of iron absorption. 

Segmental gastric resection is particularly advantageous for treating 
supraduodenal ulcers and the searred duodenum which offers considerable risk 
when closed as in the Billroth IT procedure, or anastomosed as in the Billroth 
1 operation. 

Segmental gastric resection is adaptable to the treatment of all peptic 
uleers of the stomach and duodenum with the exception of the very rare 
juxta-esophageal ulcer and the antral uleer. 

Observation of the ninety patients who have undergone segmental gastric 
resection shows quite clearly that: (1) It is not necessary to remove a du- 
odenal uleer to cure the uleer. (2) Leaving the antrum attached to the 
residual stomach is not hazardous even though elinieal trial suggests defi- 
nitely that any procedure which excludes the antrum from the stomach po- 
tentially will cause peptic ulcer recurrence.’® The Eiselsberg and Devine pro- 
cedures are examples of operations which separate the antrum from the body 
of the stomach and are well known for the high incidence of stomal ulcer."* 

The over-all evaluation of segmental gastric resection reveals many ad- 
vantages over the Billroth II procedure in that there has been no recurrent 
ulceration, no postoperative anemia, an earlier return to full employment, no 
late postprandial distress, and a technique designed to eliminate the hazards 
of duodenal closure, 

SUMMARY 

1. Segmental gastric resection in which all but 10 to 15 per cent of the 
acid-seecreting area of the stomach is resected is a satisfactory operation for 
peptic uleer when accompanied by pyloroplasty. 

2. In addition to the successful treatment of benign gastrie and duodenal 
uleers, segmental resection has been used advantageously in the treatment of 
esophagitis and lower esophageal stricture. 


3. In the presence of supraduodenal ulceration or a scarred and deformed 
duodenum, the difficulties of closure or anastomosis in this area ean be avoided 
by utilizing segmental resection. 
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4. Early postprandial distress is present after segmental resection. Ane- 
mia and recurrent ulceration have not occurred in careful follow-up study of 


ninety patients. 

5. Food intolerance is limited to milk and ice cream and sweets which 
were frequently encountered. 

6. Eighty-eight per cent of the patients lost weight compared to their 
usual weight five years before operation. The average weight loss was nine- 
teen pounds. 

7. Over 90 per cent of the patients felt they were improved or greatly 
improved by the operation. Four patients felt they had not been helped. 

8. On the basis of technical advantages, physiologic aspects, and eareful 
postoperative evaluation, we consider segmental gastric resection a superior 
operation for the acid peptic diathesis than the Billroth II procedure. 
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THE USE OF PRESERVED BILE DUCT HOMOGRAFTS TO BRIDGE 
COMMON DUCT DEFECTS 


EXPERIMENTAL STUDY 


HERBERT J. LEARY, M.D.,* GuerRNEy E. KELuey, M.D.,** Anp 
WiuiaAm J. MicHaAeE.s, Jr., M.D.,*** Syracuse, N. Y. 


(From the State University of New York, Department of Surgery, College of Medicine) 


HE surgical repair of common bile duct injuries has presented a complex 

technical problem to the abdominal surgeon. Whenever possible, the most 
satisfactory method of dealing with this situation is end-to-end anastomosis of 
ductal tissue with preservation of the sphincter of Oddi. In many eases, because 
of extensive destruction of duct tissue, this is not possible and continuity is 
established by direct implantation of a bile duct into the intestinal tract, a 
method which is not entirely satisfactory. 

The multiplicity of materials used for bridging common duct defects 
attests to the fact that none are consistently successful. Excellent reviews are 
available in the recent literature and will not be included here.*~® 

The excellent results obtained recently with preserved blood vessel homo- 
grafts stimulated us to attempt bridging common duct defects with preserved 
bile duet homografts. 

PROCEDURE 


Under sterile conditions and within six hours of death, the common duet 
was removed from dogs and placed in modified Tyrode’s solution containing 
serum, penicillin, and streptomycin, as described by Gross for blood vessel 
preservation.* The grafts were stored at 4° C. from one to twenty-two days. 

The recipient dogs (10 to 20 kilograms) were anesthetized with intravenous 
Nembutal 32 mg. per kilogram of body weight. The abdomen was entered 
through a high right rectus muscle splitting incision. The common bile duct 
was carefully mobilized and transected. The continuity was restored with a 
preserved bile duct homograft 2 to 4 em. in length. All anastomoses were per- 
formed with interrupted 00000 atraumatie silk sutures. An intraluminal splint, 
either a ureteral catheter or polyethylene tube, extended across each suture line 
but not into the duodenum (see Fig. 1). The operative site was drained with 
Penrose drains, which were exteriorized through a right flank stab wound. 
Penicillin and streptomycin were administered for five or six days postopera- 


tively. 


Received for publication, Oct. 22, 1952. 


*Resident in Surgery. 
**Fellow in Surgery at the Lahey Clinic. 
*** Assistant Professsor in Surgery. 
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RESULTS 


A total of twenty preserved common duct homografts were implanted into 
donor dogs. Six deaths occurred within the first seventy-two hours, and autopsy 
revealed no evidence of leakage of the anastomoses. In four cases, the autopsy 
findings were inconclusive and no specific cause of death could be assigned. One 
dog died from bronchopneumonia. The sixth dog developed marked focal liver 
neerosis with large clumps of bacteria in the liver. 
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Fig. 1.—Diagram showing homograft and intraluminal splint in place. 


Seven dogs died from five to ninety-one days following operation. One dog 
died on the fifth postoperative day from bile peritonitis secondary to an 
anastomotic leak. Two dogs died twelve days following surgery. One died from 
a plugged intraluminal splint with obstruction. The other animal died from 
focal liver necrosis with clumps of bacteria interspersed throughout the hepatic 
parenchyma, but without extrahepatic obstruction. The remaining four dogs 
expired from 22 to 91 days postoperatively. All of these animals became 
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anorexic and lost considerable weight. Jaundice was noted in only one dog. 
that being intermittent and occurring during the third postoperative week. Aj 
autopsy, all had contracted grafts with almost complete biliary obstruction and 
cirrhosis. In these four eases, the splint had been displaced either toward thi 
liver or into the duodenum. 


TABLE I. MORTALITY 
PRE- | 
TIME OF DEATH SERVED DAYS | NUMBER | REMARKS 





Within 3 days oS, 14,7 6 Anastomoses intact. One animal died of 
a, 2 bronchopneumonia. One had focal bac 
terial necrosis of liver. Others no obvious 
cause of death at post mortem. 
5 days 14 1 Leak of anastomosis with bile peritonitis. 
12 days 20 (a) Plugged splint with obstruction and 
abacterial necrosis of liver. 
(b) No obstruction, focal bacterial live 
necrosis. 
22 days All showed contracted grafts with partial 
30 days 5 obstruction of the common duct and 
40 days ¢ biliary cirrhosis. 
97 days 
Total 





TABLE II. SACRIFICED ANIMALS 


GRAFT —_| POSTOPERATIVE | | —_ 
PRESERVED DAY 
(DAYS) (SACRIFICED) JAUNDICE | 


REMARKS 
9 40 No Clinically well. Splint passed. 
Contracted graft. Almost com- 
plete biliary obstruction. 

Clinically well. Splint passed. 
Contracted graft. Almost com 
plete biliary obstruction. 

Clinically well. Splint in place 
maintaining continuity. No 
obstruction. Graft degenera 
ting. 

Marked weight loss. Splint 
passed. Contracted graft. Al- 
most complete biliary obstrue 
tion. 

Clinically well. Splint passed. 
Contracted graft. Partial 
biliary obstruction. 

Clinically well. Splint displaced 
cephalad. Contracted graft. 
Partial biliary obstruction. 

Clinically well. Splint in place 

maintaining continuity. Graft 
degenerating. 








Seven animals were studied from 40 to 124 days and all were sacrificed 
(Table II). These dogs were clinically well with one exception. This animal 
became anorexie and lost considerable weight. Jaundice or acholice stools were 


not clinically detected in any of these dogs. 

In two cases the intraluminal polyethylene splint was in place and main- 
tained continuity adequately. There was no dilatation of the biliary system, 
but the grafts had contracted longitudinally about the splints. 
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The remaining five sacrificed dogs had displaced the intraluminal splints 
either cephalad or into the duodenum. Contracted grafts with partial to 
almost complete obstruction of the common duct with dilatation of the proximal 
duets was a common finding. In several, the proximal and distal suture lines 
approximated, with the graft shrinking practically the full length (see 


were 
Figs. 3 and 4). 


Fig. 2.—Flat plate of abdomen demonstrating the intraluminal splint in the common duct. 


5 


METRIC | 2 3 4 5 6 


Fig. 3.—Post-mortem photograph. Original graft was 2.5 cm. in length and preserved 


for two days. Animal was sacrificed 89 days postsurgery. 
A, Gall bladder; B, dilated proximal duct, graft indicated by arrow; C, distal normal 
common duct; D, duodenum. 


MICROSCOPIC FINDINGS 
The histologic appearance of the preserved bile ducts before insertion into 


the host was somewhat encouraging. There was little degenerative change noted 
microscopically; however, there was some superficial necrosis of the epithelium. 
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Microscopie examination of the implanted grafts failed to demonstrate epithel- 


ization and the grafts were replaced with fibrous tissue. A rather striking 
hyperplasia of the epithelium of the common duct adjacent to the graft was 


Fig. 4.—Post-mortem photograph. Original graft was 3.0 cm. in length and preserved 
fifteen days. Dog died 97 days postsurgery. 
y A, Gall bladder; B, dilated proximal common duct, graft indicated between arrows; C, 
distal normal common duct; D, duodenum. 


Fig. 5.—Photomicrograph (magnification 410). This demonstrates the lack of epitheliza- 
tion of an implanted bile duct homograft that was preserved eight days before implantation. 
This animal was sacrificed 88 days after operation. 


noted in some eases. This hyperplasia did not depend upon the presence ol 
the splint. Although the grafts were contracted with resultant partial ductal 
obstruction in the sacrificed animals, the livers were relatively normal grossly 


and microscopically. 
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DISCUSSION 






Of the six animals that died in the early postoperative period, the four 
without significant autopsy findings require little comment. We believe that 
these deaths resulted from operative shock in animals poorly prepared for sur- 
gery. After the institution of an adequate regimen of preparation, eight con- 
secutive operations were performed without an early postoperative death. 

The occurrence of organisms in the normal dog liver has been previously 
reported. It is not surprising that we encountered two instances of marked 
liver necrosis with many large clumps of organisms in the hepatic parenchyma. 
The fact that penicillin therapy does not always suppress these organisms was 
implied by Fraser and his associates.” 

The use of the preserved bile duct homograft was a failure in every one of 
the eleven cases followed for an adequate length of time. The graft was replaced 
with fibrous tissue and failure of epithelization was noted in all cases. It would 
appear from these results that the placing of a bile duct homograft in an 
avascular bed and exposing this tissue to the direct noxious effect of bile causes 
graft destruction and replacement by sear tissue. The significance of bile duct 
epithelial proliferation adjacent to the graft is not readily apparent. 

The crux of the problem has been recently stated by Gerbode: ‘‘ Extra- 
corporeal preservation of homografts for long periods has been accomplished, 
but the unsolved problem is how to maintain the cellular integrity of the homo- 
graft after it is implanted in the host.’” 



















SUMMARY 










1. A study of twenty preserved bile duct homografts was made in the dog. 
(trafts were stored in a balanced salt serum solution from one to twenty-two days 
at 4° C. 

2. Four of the early postoperative deaths were attributed to anesthesia or 
postoperative shock. Two early mortalities were associated with marked focal 
necrosis of the liver with many clumps of bacteria in the liver substance, in spite 
of penicillin and streptomycin therapy. One early death was due to broncho- 
pneumonia. Anastomotie leak with bile peritonitis occurred in only one of the 
twenty operations. Obstruction due to a plugged intraluminal splint was seen 
in one ease. 

3. Eleven animals were studied from 22 to 124 days. Four died and seven 
were sacrificed. In two of the sacrificed dogs, the polyethylene splint was main- 
taining adequate continuity, in spite of graft degeneration. In all of the other 
dogs, a contracted graft with partial ductal obstruction and dilated proximal 
bile duets was observed. 

4. No epithelization of the grafts was observed. A rather marked degree 
of epithelial hyperplasia was noted in the common duct adjacent to some of 
the grafts. 

5. It would appear from this experiment that preserved bile duct homo- 
grafts are not suitable replacements for common bile duct defects in the dog. 
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PROBLEMS IN THE MANAGEMENT OF ANTERIOR CHEST 
WALL TUMORS 


JOSEPH E. MacManus, M.D., Ropert C. McCormick, M.D., ANp 
Mark P. Fecuer, M.D., Burravo, N. Y. 


(From the Department of Surgery, University of Buffalo Medical School, and the Thoracic 
Service of the Roswell Park Institute for Malignant Disease) 


r IS the purpose of this paper to outline, with the use of case material, some 
of the problems which arise in the surgical management of tumors of the 
anterior chest wall. Though the incidence of tumors in this location is rather 
low, reports in the literature are not unusual. Anterior chest wall tumors 
present many problems in their diagnosis and management, not only because 
of the variable invasiveness of the tumors appearing in this location, but also 
because of the uncertainty of their primary or secondary origin. This, of 
course, leads to the development of certain principles in the surgical approach 
to their excision which probably have not been sufficiently stressed. In addi- 
tion, the resection of tumors of the anterior chest wall often involves elements 
of thoracic instability greater in degree than comparable resections of portions 
of the chest wall in other locations. 

With the improved techniques and knowledge of anesthesia, the adequate 
maintenance of blood volume, and the better understanding of respiratory 
physiology, much has been accomplished in the surgical management of tumors 
arising from the thoracic cage. Sommer and Major’ reviewed the literature 
on the general subject of chest wall tumors from 1933 through 1940 and re- 
ported fifteen additional cases. Hedblom? reported all the cases of this type 
in the literature prior to 1933 and suggested methods for management of these 
tumors. Since 1940, most of the reports have dealt with reconstructive 
measures designed to cover the chest wall defects and provide stability. Mauer 
and Blades’ used periosteal flaps of adjacent ribs split longitudinally to bridge 
the gap. Watson and James‘ report the use of fascia lata grafts to replace the 
pleural and intercostal tissues adding pedicle flaps of skin to complete the 
plastic procedure. Sauerbruch made use of the opposite breast to cover these 
defects. This method has more recently been reintroduced by Maier.® A 
variety of adjacent pedicle flaps was used by Pickrell® * and associates for 
similar purposes. Campbell’ reported an excellent method of reconstruction 
of anterior chest wall defects by first utilizing fascia lata grafts, then reflect- 
ing the latissimus dorsi muscle over this graft and covering these two layers 
with a split thickness skin graft. He cited the following advantages in using 
the latissimus dorsi: (1) it is readily accessible; (2) it can be completely 
mobilized, except for its insertion; (3) it is eapable of reaching any defect on 
the anterior aspect of the hemithorax; (4) it earries its own vascular and nerve 
supply during transplantation and thus assures adequate nutrition, not only to 
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itself but to adjacent structures such as the underlying fascia lata graft and 
the overlying split thickness graft; (5) there is little or no functional loss and 
by furnishing another layer at the site of the defect it aids in the support of 
the chest wall. 

Recently, Ada and Havenor® reported the use of tantalum mesh gauze to 
cover sizable defects in two cases with apparently good early results. Beards 
ley’® favored a tantalum plate in three cases, but serous drainage which became 
purulent in two cases developed about the plates, necessitating their removal 
within six weeks of the operation. Effler and Blades": advised against the use of 
tantalum (plates or mesh) for reconstructive purposes. They felt that tantalum 
was likely to act as a foreign body and favored the use of structurally 
sound and viable surrounding tissue if at all possible. During the last ten years, 
in addition to the above-mentioned contributions, there have been several addi- 
tional isolated case reports of chest wall tumors which should be mentioned.?2-* 
We have chosen, from our own experience, the following recently treated cases 
to indicate the special features in the management of anterior chest wall 
tumors which we consider important. 


Fig. 1 (Case 1).—Preoperative photograph showing tumor of upper sternum. 


CasE 1 (E. W., Chart No. 72000).—This 36-year-old married farmer was first seen 
at the Roswell Park Memorial Institute on May 24, 1951, with a history of having been 
kicked in the chest by a cow three years previously. The subsequent pain and swelling 
disappeared with the use of local heat and the application of liniments. No roentgen 
films were apparently made. One year later, however, he noticed a hard, nontender mass at 
the upper end of the sternum, near the site of the previous injury. For the past two years 
this mass had grown in size. Recently a smaller one had appeared above it. He denied 
pain, local tenderness, weight loss, or constitutional symptoms of any kind. 
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The general physical examination was normal. The local examination revealed two 
hard, nontender, immovable masses 2 em. and 3 em. in diameter attached to the upper 
one-third of the sternum. There were soft, movable, nontender nodes in both axillae. 
Routine roentgen films of the chest appeared essentially normal, but those made of the 
sternum revealed some widening of the manubrium with irregularity of the borders and 
extension of the mass approximately 3 em. into the superior mediastinum. The impression 
at that time was osteochondroma. Laboratory studies were noncontributory. Urine: 
specific gravity 1.019, acid reaction, albumin negative, microscopic negative. Hemoglobin 
96 per cent, R.B.C. 4,900,000, W.B.C. 4,800; eosinophils 2 per cent, stabs 12 per cent, 
seg. 42 per cent, lymphocytes 38 per cent, monocytes 6 per cent. Hematocrit 47. On May 26, 
1951, a biopsy was taken under novocain anesthesia. Histologically the lesion apparently 
was a chondroma. An operation was subsequently performed on July 17, 1951. 


Fig. 2. Fig. 3. 


(Case 1).—Lateral film of sternum showing tumor of upper sternum. 
3 (Case 1).—Oblique film of sternum showing tumor of upper sternum. 


Operative Note.—A long transverse curvilinear incision was made across the sternum at 
the level of the fourth costal cartilage. A skin flap composed of skin and subcutaneous 
tissue was elevated beyond the suprasternal notch. The right pleural cavity was entered 
through the fourth intercostal space to study any possible extension of the tumor into 
the mediastinum. The cartilaginous portions of the fourth, third, and second ribs were 
transected bilaterally approximately two inches from the sternal junctions. The internal 
mammary arteries were ligated inferiorly and the sternum was transected at the level 
of the fourth intercostal space. This block of tissue with attached muscles was elevated 
superiorly exposing the mediastinum. The tumor seemed compressing but not invading 
the superior vena cava and, therefore, little difficulty was experienced in separating the 
mediastinal structures from the tumor. After the internal mammary arteries had been 
ligated superiorly, the sternoclavicular junctions were divided, the first ribs were transected 
with a Gigli saw, and the specimen was removed. The left pleural space fortunately had 
not been entered during the dissection. The mediastinal pleura was sutured to the right 
anterior parietal pleura. The pectoralis major muscles were well mobilized laterally and 
approximated across the midline with interrupted mattress sutures without tension, thereby 
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closing the thoracic defect. Interrupted silk was used to appose the skin and subecutaneou 
tissues. The postoperative course was uneventful and the patient was discharged Aug. §, 
1951, to his home 200 miles distant. Multiple microscopic sections of the lesion showé 

“ehondroma.” 

The patient was seen on Sept. 6, 1951. He had been doing his farm chores despit 
the complaint of aching in the anterior chest on moderate exertion. The chest wall was 
stable and there was no mediastinal shift. There was some evidence of brachial plexu 
compression, however, for the patient noticed some tingling in the fourth and fifth fingers 
of both hands. On examination he showed no loss in the motor power of the respectiv: 
fingers, though there was definite loss of tactile sense over the distribution of the ulna: 
nerve trunk bilaterally. 


Comment.—The patient presented a relatively localized lesion of uncertain 
type (Figs. 1 to 5) and extension. The difficulty of determining by roentgeno- 
gram, or any other clinical study prior to surgery, the invasive character or 
anatomie spread of an anterior chest wall tumor carries with it a real respon- 
sibility for the surgeon. 


Fig. 4 (Case 1).—Section of chondroma (high power). 


In tumors of this location, unless they have involved the skin, a transverse 
crescent-shaped incision with concavity cephalad is of great help, not only 
beeause it provides a well-nourished flap of subcutaneous tissue and skin for 


reconstructive purposes, but also because it allows a variety of approaches to 
the underlying tumor. The tissues surrounding the tumor itself, however, 
down to and ineluding the bony structures, should not be divided until the 
chest cavity itself has been adequately explored and the nature and extent of 
the tumor determined. Should the localized area for excision be delineated 
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down through the sternum and laterally into the intercostal spaces and ribs 
before the mediastinum is explored, and should one then find on exploring the 
chest that because of extension of the lesion an excision was not practical, one 
must then expect that the lesion itself, because of this interference with its 
blood supply, may well become necrotic and break down, resulting in an un- 
pleasant condition for the patient. Therefore one should explore the pleural 
cavity early in the operation. This particularly applies to lesions which are 
not sensitive to radiation. In this particular case the anatomic extent of the 
tumor was such that it could be resected satisfactorily. 

It was not necessary for us to open both pleural cavities in the manage- 
ment of this case. However, where both pleural cavities have been entered and 
the mediastinum has been dissected widely it is often impossible to close the 
pleura, and collections of fluid in both pleural cavities may be expected for 
which proper drainage may be provided. 


Fig. 5 (Case 1).—Postoperative photograph; note curvilinear incision. 


When one resects large areas of the upper sternum one unhinges, as it 
were, both shoulder girdles. Since the upper extremities through the medium 
of the clavicles have their skeletal attachment to the body only through the 
sternoclavicular joint, when the sternum is removed there is a natural tendency 
for both elavicles to fall inward and downward as was demonstrated in this 
case. This may result in compression of the neurovascular trunks of the 
brachial plexus manifested by symptoms of varying extent arising from com- 
pression of the fifth cervical to the first thoracic nerve root. This complication 
was demonstrated in the patient by the neurological symptoms which de- 
veloped in the early postoperative period and which, fortunately, did not prove 
Severe in his case. 
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In large defects of the upper sternum where long segments of ribs hay: 
not been removed, very adequate mobilization of the pectoralis major muscles 
is possible by bluntly and sharply separating them from the underlying sur 
faces of the ribs, preserving their neurovascular attachments and so mobilizing 
them that they may be sutured across the midline without tension. This provides 
for a bulky mass of living muscle tissue, which, with the contraction that 
occurs in the postoperative healing period, forms a satisfactory anterior chest 
wall, and, in the opinion of the authors, equals in selected cases the result ob- 
tained by the use of the more elaborate methods outlined in the literature, 
with the added attraction that all the material used is viable. No loss in 
shoulder function follows the proper use of the pectoralis muscles for recon- 
structive purposes. 


Fig. 6 (Case 2).—Section of giant follicular lymphoblastoma invading muscle. 


CaAsE 2 (J. G., Chart No. 72331).—This 63-year-old male mechanic was referred to 
Roswell Park Memorial Institute with a nontender mass of approximately three years’ 
duration overlying the right upper sternum. The growth had been gradual without 
antecedent history of accident or infection. There was no weight loss, shortness of 
breath, dyspnea, or chest pain. Physical examination was essentially negative except 
for a firm nontender mass 5 em, in diameter arising from the upper portion of the right 
border of the sternum near the attachment of the right second costal cartilage. There 
was no axillary or cervical lymphadenopathy. Laboratory data were not illuminating. 
Oblique and lateral roentgen rays of the sternum showed well-defined borders, the bone 
structure being normal. He returned on July 11, 1951, for biopsy of the mass with a 
subsequent pathologie report of “reticulum cell sarcoma.” Surgery was advised and, after 
considerable delay, was accepted and carried out on Sept. 15, 1951. 
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Operative Note.—A curvilinear incision was made across the sternum at the level of the 
third costal cartilage. The right third intercostal space was opened and an attempt at 
extrapleural dissection was made to ascertain the anatomic extent of the tumor. There 
was symphysis of the right upper lobe to the posterior surface of the tumor, but no direct 
invasion was noted. A block excision of the upper sternum, including the junction of the 
third costal arches, the inner one-half of the right clavicle, the medial three inches of the 
right first, second, and third ribs with some attached overlying skin, was performed. The 
pathologic examination revealed giant follicular lymphoblastoma invading muscle. 

The postoperative course was somewhat complicated initially by paradoxical motion 
over the area of excision which was stabilized with a sandbag to permit expectoration of 
pulmonary secretions. He was discharged on Oct. 12, 1951. The patient was seen on 
Nov. 15, 1951, and Dee. 20, 1951. At this last visit the paradoxical motion of the 
operative area seemed disabling. It was, therefore, apparent that a fascia lata repair 
of the defect was in order. Although there were no objective neurological findings in 
this patient, he complained of numbness and tingling along the ulnar aspect of the left 
forearm and hand less well localized than in the first patient. 


Fig. 7 (Case 2).—Postoperative photograph after fascia lata repair showing excellent chest 
wall stability. 


Second Operative Note.—On March 11, 1952, a fascia lata strip 10 em. by 10 cm. was 
taken from the right lateral thigh. The previous curvilinear scar was excised followed 
by elevation of the skin and subcutaneous tissue overlying the thoracic defect. The edges 
were identified and the fascia lata graft sutured with interrupted silk sutures without 
tension to the margins of the defect. Several incisions were made in the graft to allow 
for drainage. The skin flaps were reapproximated with one Penrose drain left between 
the subcutaneous tissue and the fascia lata. 

Postoperatively, despite the drain, a large hematoma (approximately 400 c.c.) 
developed and was subsequently evacuated from the subcutaneous space, following which 
there was primary healing with good stability of the previous thoracic defect. He was 
discharged on March 25 with no shortness of breath or significant paradoxical motion 


(Figs. 6 and 7). 
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Comment.—The problems presented by this second case were somewh: 
different in many respects. First, the patient apparently had a more limited 
initial respiratory reserve. Second, the area of resection included, by necessity, 
segments of the third and fourth ribs well out into the mid-clavieular line, ther 
by involving large areas of the thoracic wall. Third, an adequate resection 
required the removal of the inner one-half of the right clavicle. It was felt that 
resection of one-half of the right clavicle might prevent the development of an) 
pressure symptoms from inward dislocation of the clavicle so common after 
upper sternal resections on this side. The inner aspect of the outer one-half of 
the clavicle continued to drop inward and downward. This dislocation did not 
compress the brachial plexus on this side. On the left side, however, the dis- 
placement of the clavicle resulted again in minor neurological symptoms referable 
to the brachial plexus. This raises the question of the advisability of supporting 
the clavicles, possibly with prosthetic methods, to maintain the normal distance 
between the clavicular heads, or alternately of resecting adequate portions of 
both clavicles when the upper end of the sternum is removed. This ap- 
parently has not been stressed in the previous literature on the subject. Our 
failure to adequately provide for rapid re-expansion of the upper lobe, when 
added to the paradoxical motion present in the chest wall, was responsible for 
some of the postoperative complications. The use of the pectoralis muscles to 
close the defect anteriorly was not satisfactory in this case. While they could 
be mobilized adequately, the thinning out of the origins of the pectoralis due to 
the large resection necessarily weakened this muscle as an instrument of recon- 
struction. It would have been better, in retrospect, to have initially used fascia 
lata to stabilize the chest wall. The dissection within the right hemithorax 
was largely in the extrapleural plane, and it was difficult, postoperatively, to 
secure adequate drainage of this space by conventional tubes because of the 
rapid clotting of blood which often oceurs under those conditions. Eventually, 
however, excellent and full re-expansion of this lobe was fortunately obtained. 

Finally, in the management of anterior chest wall tumors, as of tumors 
in most locations in the body, an adequate biopsy is desirable. A wide variety 
of primary and secondary lesions may be found arising from the chest wall; 
some of these are due to chronic infection, others to metastatic disease and 


less commonly to primary tumors. In view of the usual uncertainty of diag- 


nosis, it is extremely unwise to attempt a radical resection of masses in this 
location without an adequate biopsy. This may be performed either through 
a small incision directly over the tumor or by the use of appropriate needles 
(Vim-Silverman, Turkell, ete.) constructed for this purpose. 


SUMMARY 


1. Some of the problems in the management of anterior chest wall tumors 
have been reviewed with a summary of the important contributions in the 
literature on the broad subject of chest wall tumors. 

2. The importance of biopsy preliminary to radical surgery has been 
stressed. 
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3. The dislocation of the clavicles with the subsequent interference of 
brachial plexus function has been shown to be a real problem in complete resec- 
tions of the upper one-half of the sternum. 

4, The inadvisability of circumscribing the deep soft tissues about the tumor 
before the chest has been explored has been pointed out. 

5. The use of the pectoralis muscles for reconstruction with its limitation has 


been outlined. 
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SIDE-TO-SIDE INTESTINAL ANASTOMOSIS COMPLICATED BY 
ULCERATION, DILATATION, AND ANEMIA: A 
PHYSIOLOGICALLY UNSOUND PROCEDURE 


REVIEW OF THE LITERATURE AND PRESENTATION OF A CASE 
D. Kay Ciawson, M.D., SAN FRANCISCO, CALIF. 


(From the Department of Surgery, Stanford University Medical School) 


ECORDED in the literature are many eases of intestinal side-to-side 

anastomosis requiring a second operation because of poor function of the 

resulting stoma. An additional example is presented with a brief review of 
the literature. 

One of the earliest cases of intestinal anastomosis was performed by Dr. 
Phillip Physick in 1809 and subsequently recorded by B. H. Coates in Volume 
II of the North American Medical and Surgical Journal. This anastomosis, 
discussed by Dupuytren in his lectures on clinical surgery, was made in a 
patient with an abdominal fecal fistula following a strangulated hernia. The 
technique used was to insert a finger in each of the openings and to apply 
a circular purse string through the opposed loops of the intestine, followed by 
daily tightening of the suture until the central area became necrotic. The 
center of this area was then perforated with a knife, thus allowing the fecal 
stream to pass through the newly created lumen. The external tract closed 
by secondary intention. While attention was called to the absence of intes- 
tinal adhesions between mucus surfaces and their frequent occurrence between 
serous surfaces by Bichat? in 1802, it was not until Lembert’s and Jobert’s work 
in 1826* that this observation was applied to intestinal suture, thus permitting 
anastomosis in cases where serous adhesions had not already formed. 
Dupuytren discussed a series of 41 cases. Of these patients, many suffered 
from nausea, vomiting, colic, and other signs of intestinal obstruction. In 
1888 Nicolas Senn‘ in his experimental studies in dogs described side-to-side 
anastomosis in the ileum in which lay stagnant hair, straw, and fecal material. 

Ashton and Baldy,® in 1891, and Kiittner,® in 1896, advocated the use of 
side-to-side anastomosis because of a 30 to 50 per cent mortality in human 
beings following end-to-end anastomosis. However, they recognized that fecal 
material piled up at the site of the anastomosis. They theorized that the 
opening was not large enough. They also recognized that pouching began to 
form in the proximal blind end. 

It remained for Bayliss and Starling,’ in 1899, and Cannon and Murphy,° 
in 1906, to explain physiologically these findings. They pointed out that food 
passed through the intestine by a process of circular contraction above the 
bolus and relaxation below, a sequence of events made impossible by division 
of the cireular fibers of the intestine. As a result, food was pushed into this 
inactive part of the intestine, causing pressure and dilatation. In end-to-end 
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anastomosis in their animals there was no evidence of stasis, while in the 
lateral anastomosis they found blocking of the canal by hair and undigested 
detritus. They pointed out also that there was an absence of milking action 
in the small lymph channels and venules. They concluded that with the im- 
provements of modern surgery (1906) the dangers of end-to-end anastomosis 
were sO minimal that there was no longer a place for the side-to-side procedure 
in intestinal anastomosis. Following this, a series of reports appeared in the 
literature condemning this procedure. From 1922 to 1950 thirteen articles 
were found in the literature reporting experimental and case studies in which 
adverse effects were noted.* °°! The most common complication was dilata- 
tion of the proximal blind loop, reported by eleven of these authors, some 
occurring years after the original procedure. Four authors reported micro- 
scopi¢e or macroscopic ulceration at the site of the anastomosis, and noted that 
late perforation was not uncommon.” 1 16 24 

The chief complaints by patients are recorded in Table I in the order of 
frequency as found in the previously mentioned articles. 


TABLE I. CHIEF COMPLAINTS OF PATIENTS LISTED IN ORDER OF FREQUENCY 
FOUND IN THE LITERATURE 





. Crampy, abdominal pain 
Tiredness 

. Nausea 

. Distention or a mass 

. Episodes of diarrhea 

. Weakness 

Inability to gain weight 


|| 
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The tiredness is associated with an anemia, usually macroeytic. No cases 
of occult blood in the stool were reported. 

While most reports are adverse to the side-to-side procedure, a recent 
article”? advocates the side-to-side anastomosis because it is a “safe, simple, and 
effective technique.” However, the author recognizes that there is dilatation 
at the anastomosis. 

CASE REPORT 

L. B., aged 14 years, entered the Stanford University Hospital complaining of lethargy 
of one month’s duration. In 1941, at the age of 4 years, he had approximately 9 inches of 
ileum resected from a point 20 inches above the ileocecal valve, for a huge hemangioma that 
had bled repeatedly since 9 months of age. The bowel, with a diameter quite small, was 
rejoined by a side-to-side anastomosis approximately 7 cm. long. Prompt recovery occurred 
and, with the exception of chronic nasopharyngeal infections, the patient had been well until 
the onset of the present trouble. 

Approximately one month before admission the patient became lethargic and grouchy, 
and tired more easily than previously. He appeared pale. Five days prior to admission he 
contracted a cold and consulted his local physician, who found a marked anemia, and he 
was referred to the hospital for study. 

Physical examination revealed a pale, thin boy with a blood pressure of 140/50 and a 
pulse rate of 82. There was a precordial systolic murmur at the base of the heart with a 
split second sound. The red cells numbered 4.46 million per cubic centimeter, the hemoglobin 
was 8.5 Gm. per 100 ¢.c., packed cell volume 29 per cent, mean corpuscular volume 65 yw, mean 
corpuscular hemoglobin 19 uu, mean corpuscular hemoglobin concentration 29 per cent. 
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The white blood cells numbered 9,200 per c.c., platelets 291,000 per cubic centimeter, ble: 
ing time three minutes ten seconds, coagulation time five minutes twenty-five secon 
reticulocytes 0.6 per cent. The urine was normal, occult blood in the stool was three 
plus. The barium enema and gastrointestinal series showed a large area in the right lowe: 
quadrant of the abdomen which appeared to be filled by at least one and possibly two 
widely dilated loops of bowel. 

After the administration of 1,500 c.c. of blood, a laparotomy was performed. There 
was no evidence of recurrent hemangioma. At the site of the old anastomosis, the proximal 
limb was found to be greatly dilated, the distal limb was normal. The anastomosis was 
patent, the opening being estimated at 3 to 4 inches in length. The old anastomosis was 
resected with approximately 3 inches of small bowel on each side, and an end-to-end 


anastomosis was performed (Fig. 1). 


Fig. 1.—(Scale: .5 cm. = 1 cm.) Note marked dilatation of the proximal loop. Stippled area 


denotes the sight of ulceration. 

Gross examination of the fresh specimen showed large marginal ulcerations. After 
formalin fixation the specimen was described as a 17 em. loop of bowel with a 10 em. side- 
to-side segment, one end of which ended blindly. The anastomotic opening measured 3 
by 4 cm. Microscopic examination showed some areas of normal villus mucosa with 
areas of polymorphonuclear leukocytes in the mucosa and large amounts of fibrous tissue 
in the submucosa and muscle layers. Several sections showed denuded mucosa replaced 
by an exudate of polymorphonucleated leukocytes, red blood cells, and fibrin. The patho- 
logic diagnosis was chronic ulcer. 

The postoperative course was uncomplicated and the patient was discharged on the 
eighth postoperative day with a hemoglobin of 12.4 Gm. per 100 ¢.c. and a packed cell 
volume of 45 per cent. Four months later the patient was in excellent health with a 
normal hemoglobin and normal packed cell volume. 


DISCUSSION 


This ease serves to emphasize the problems of side-to-side anastomosis 
pointed out as early as 1888 and re-emphasized by Cannon in 1906. As Cannon 
pointed out, with “modern” advances in surgery the end-to-end anastomosis 
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is a safe, feasible procedure. This is even more true today for, as Holman and 
Connelly?* have shown, end-to-end anastomosis can be accomplished with minimal 
compromise of the intestinal lumen. 


SUMMARY AND CONCLUSIONS 


A ease is presented illustrating the complications of dilatation, ulceration, 
and anemia occurring ten years after a side-to-side anastomosis. The literature 
on this procedure is reviewed. It appears that there is overwhelming evidence 
in favor of an end-to-end anastomosis as the most physiologie operation and the 
procedure of choice where intestinal anastomosis is necessary. 


ADDENDUM 


Since this article was submitted for publication I have seen three additional patients 
in whose history five of the seven chief complaints noted in Table I were mentioned. All 
patients underwent surgery, and the dilated segments were resected and an end-to-end 
anastomosis was performed. 
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BENIGN AND MALIGNANT (SARCOMA) STROMAL 
ENDOMETRIOSIS 


ELEVEN-YEAR PRoGRESS REPORT OF PREVIOUSLY REPORTED CASES; TEN NEW 
EXAMPLES, INCLUDING ONE FOLLOWED FOR TWENTY-FOUR YEARS 
WARREN C. Hunter, M.D., PoRTLAND, ORE. 


(From the Department of Pathology, University of Oregon Medical School) 


OBERTSON, Hunter, Larson, and Snyder,’ in 1942, recorded our ob- 

servations on five examples of endometrial stromal cell growths; four 
were histologically benign, one was definitely sareomatous, while a_ sixth 
exemplified the relationship of stromal endometriosis and uterine adenomyosis. 
All involved the myometrium ; two extended into the adnexa and, of these, one 
had spread not only into the broad ligaments but also to the tubes and ovaries. 

The intervening years have brought new instances, exemplifying not only 
the more constant features of what we believe to be an entity, but certain 
variants of importance, particularly extension to the urinary bladder. Fortu- 
nately, three of the earlier eases' have been followed for from five to fifteen 
years, thus enhancing their value. 

Table I shows that the first instance of stromal endometriosis, though not 
so named, was accurately described and pictured as early as 1908,? that a great 
variety of names have been applied to the condition, and that, with the in- 
clusion of the presently described instances, a total of fifty-four cases will have 
been recorded in the English literature. Others, masquerading under various 
names, may well have been missed. 

On the whole, one is inclined to view with suspicion the. concept that any 
cell capable of permeating the lymph vessels of the uterus and of passing 
well beyond its confines can be other than malignant in nature. Yet, in the 
main, the view we expressed in 1942' that the stromal element of endometrium 
may thus behave and still preserve its original cellular structure has proved 
to be correct. It is now possible to add a new and truly remarkable example, 
which, although recurring locally over a period of twenty-four years, still 
presents a benign structure. The present study also attests the validity of 
our previous demonstration that certain stromal cell growths of the uterine 
wall are sarecomatous. 

Stromal endometriosis, initially and primarily confined to the uterine wall, 
while closely related to adenomyosis, exhibits certain clinical and pathologic 
differences of real importance, but seemingly all too little appreciated. 

Adenomyosis, a very common condition in our experience,'® occurring 
either diffusely or focally, consists of extensions of both glandular and stromal 
elements of endometrium into myometrium far enough to evoke hyperplasia 
of the surrounding muscle. Frequently one observes endometrial stromal 
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TABLE I 








| DESCRIPTIVE TERMS USED BY VARIOUS AUTHORS 
| NUMBER TO DENOTE UTERINE AND EXTRA- 
| OF UTERINE STROMAL GROWTIS 
SOURCE | CASES 
Doran, A. H. G., and Lockyear, C.: 2 “Uterine tumor malignant (perithelioma) ac- 
Proc. Roy. Soc. Med. 2: 25, 1908.2 cording to microscopic appearances.”  Ex- 
tension to tube and ovary in one instance. 





Casler, DeW. B.: Surg., Gynec. & “Unique, diffuse uterine tumor, really an 
Obst. 31: 150, 1920.3 adenomyoma but no glands.” 


Frank, R. T.: Am. J. Cancer 16: “Fibromyosis. An unclassified, plexiform, 
1326, 1932.4 endolymphatic proliferation of the uterus ;” 
microscopically, ‘“adenomyoma — without 

glands.” 


Goodall, J. R.: J. Obst. & Gynaee. “Endometrioma interstitiale.” 
Brit. Emp. 47: 13, 1940.5* 


Robertson, T. D., Hunter, W. C., “Stromal endometriosis benign (4) and 
Larson, C. P., and Snyder, G. A. malignant (1)” combined with adenomyosis 
C.: Am. J. Clin. Path. 12: 1, (1). 

1942.1 


Miller, J. R., and Ternant, R.: Am. “Endometriosis interstitiale.” 
J. Obst. & Gynee. 47: 784, 1944.6 


DeCarle, D. W.: West. J. Surg. 53: “So-called endometrioma interstitiale ;” 
48, 1945.7 “three possible cases.” (Present author’s 
note—all are acceptable cases of stromal 

endometriosis. ) 


Henderson, D. N.: Am. J. Obst. “Endolymphatic stromal myosis;” origin from 
and Gynec. 52: 1000, 1946.8 endometrial stroma but on elinical behavior 
an entity distinct from endometriosis. 


Hill, J. H.: Arch. Path. 43: 527 “Fibromyosis uteri; endometrial type.” 


i 
1940.1, 9 , 


Park, W. W., and Tennent, R. A.: ! “Stromal endometriosis.” Note: two exten- 
J. Obst. & Gynaec. Brit. Emp. 55: sions into broad ligament and mesosalpinx 
423, 1948,10 enabled surgeon, based on memory of read- 

ing literature, to make correct diagnosis 
at operation! 


Vesell, M.: West. J. Surg. 57: 593, “Endometrial sareoid.” 
1949.11 

Da Cunha, F.: J. Obst. & Gynaee. “Stromal endometriosis.” 
Brit. Emp. 57: 633, 1950.12 


Hunter, W. C.: Present series. 10 “Benign and malignant (sarcoma) stromal 
endometriosis.” 





Total 54 


*Goodall states that ‘in all, 14 cases have been discovered without all the possible and 
probable specimens having been examined [p. 13].’”’ In his book, “A Study of Endometriosis,” 
(Philadelphia, 1943, J. B. Lippincott Company, p. 27), he again states that these fourteen cases 
were grouped as: “2 cases of stromatous endometriosis and 12 cases of stromatous endome- 
triomata” but that later developments and “careful study of many new cases” required a re- 
grouping into the following types: ‘‘(1) Chronic uterine stromatous endometriosis; (2) chronic 
uterine stromatous endometriomata; (3) acute endometriosis with restricted malignant charac- 


ers. 





cells alone, spear-heading for the glands, and occasionally herniating into 
lymph vessels and providing a linkage with the entity presently under con- 
sideration. 

In contrast, stromal endometriosis per se occurs infrequently and this may 
well account for its lack of general recognition as an entity. Yet, once ob- 
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served, the gross characteristics are unforgettable and diagnostic, particular! 
if seen in fresh material. Previously we' gave the macroscopic appearance a 
follows: “(1) the organ is likely to be enlarged and globoid. When section 
in the fresh and unfixed state the myometrium appears coarse in the same 
manner as diffuse adenomyosis but with the very important difference that in 
stead of punctate points and eysts containing old or recent hemorrhage, ther 
are multiple, small, rounded elevations, looking not unlike the surface of a well 
worn turkish towel. If pulled these bodies stretch like a rubber band. Just as 
with adenomyosis, fixation before sectioning alters the picture greatly, but in- 
stead of making recognition more difficult as it does in adenomyosis, stroma! 
endometriosis can be made out even more plainly. One sees in freshly cut 
surfaces of fixed tissue, very discretely outlined, rounded and _streak-like 
structures standing out with great distinctness both on account of their shar) 
definition and faint yellow color which contrasts with the white of the myo- 
metrium. (2) In another group, apparently often combined with (1), numerous 
polyps of peculiar form extend into the cavum ... the features that distinguish 
these from ordinary endometrial polyps are (a) the large number, (b) yellow 
eolor, (¢c) perfectly smooth surfaces, (d) tendency to have either a_ broad 
pedicle with a pointed end or a thin stalk with a bulbous extremity, (e) com- 
plete absence of cysts, and (f) a diffusely soft and homogeneous structure. 

“A third variant of the above types is that in which the stromal cells have 
reached the adnexa or even the peritoneum. Even in these situations the 
yellow color of the tissue and the tendeney to form smooth-surfaced ball-like 
masses over surfaces is characteristic [p. 14].” It would have been appropriate 
had we added that even the masses extending beyond the uterus have the 
resiliency of rubber bands. In a few instances, too, as we now know, eysts 
may be found in any part of stromal endometriosis and may be of grossly 
visible size. 

Macroseopically, the sarcomatous form is a soft, sometimes sizable, tumor 
which tends to be white rather than yellow and which conforms to the fish- 
flesh characteristic of many sarcomas. 

Stress is laid on the gross features in the hope that surgeons will learn to 
suspect the condition if at operation yellowish, ropy, or ball-like masses are 
found in the lymphatic drainage of the uterus, especially if these are of 
rubberlike resiliency. The one recorded operative diagnosis is that of Park 
and Tennent’? and was based on memory of a photograph depicting one of 
Henderson’s* cases. Such masses should always be regarded as_ stromal 
endometriosis until proved otherwise, and a careful and adequate removal of 
all such material might well decrease or eliminate the necessity of secondary 
operations which are recorded in the literature’ and in some cases of the present 
series. Furthermore, to those surgeons who make it a practice to open the uterus 
after removal it can be said that the gross features, as previously described, 
are usually so diagnostic that once seen they are not forgotten. Even though 
the process seems to be confined to the uterus, the pelvis should be thoroughly 
re-examined at onee and any rubbery masses or lymph nodes should be 
extirpated. 
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The obligation to be cognizant of the gross and microscopic features of 
stromal endometriosis rests even more heavily on the pathologist. Based on 
previous experience Larson,’ when asked by a surgeon to identify “these 
worms” he was removing from the broad ligaments, immediately gave the 
correct diagnosis. My first case (Case 1') was misdiagnosed as sarcoma by 
me, yet the patient is alive and well fifteen years later. It has been my 
observation that nearly always a pathologist’s first example of stromal 
endometriosis is termed sarcoma. Some of the present instances will illus- 
trate this point. All too often the pathologie diagnosis of uterine sarcoma, if 
actually it proves to be only a stromal overgrowth, is followed by deep 
roentgen-ray therapy, with complications and debility sometimes attributable 
to the therapy rather than to the primary condition. An initial correct 
pathologie diagnosis obviates the necessity for radiation therapy in instances 
of benign stromal endometriosis. Secondary operations for the removal of 
tissue left behind will usually take care of the situation. 

The pathologist must learn to distinguish microscopically between (1) 
adenomyosis, (2) stromal endometriosis, and (3) sarcoma of the uterus. The 
first is easily distinguished by reason of the presence of both glandular and 
stromal elements and hyperplastic myometrium. Stromal endometriosis, on 
the other hand, may readily be mistaken for sarcoma and has often been called 
leiomyosarcoma. However, if one does not become alarmed merely because of 
great cellularity, it soon becomes apparent that in the benign form (1) there 
is striking uniformity in size, shape, and staining qualities of the cells, even 
though these may plainly extend into vessels and between muscle eells; (2) 
there are many blood vessels with definite walls not unlike the spiral arteries 
of endometrium as well as capillaries; (3) mitoses are few or lacking, and (4) 
multinucleation is absent. With these points in mind, the next necessary 
step is to make reticulum stains, remembering that endometrium possesses 
a basketlike reticulum, encireling individual cells, and that this characteristic 
of its stroma is retained by growths arising from such cells. The reticulum of 
smooth muscle tends to occur in the form of elongated fibrils and in parallel 
arrangement. 


FOLLOW-UP OF THREE PREVIOUSLY REPORTED CASES 


CASE 1 (S-135-37).1—The patient was 30 years of age at the time of the hysterectomy 
in 1937. The actual pathologie state was diffuse and polypoid stromal endometriosis with 
extension to the bare area between the folds of one broad ligament. Initially it was termed 
leiomyosarcoma and on this basis radiation therapy was instituted. When next seen, in 1940, 
she complained of asymptomatic hematuria, thought to be a complication of the x-ray therapy. 
This later cleared up. In 1949, an ulcer of the skin of the abdomen, ostensibly a complication 
of the therapy, had developed and, since this failed to heal, the area was excised and the de- 
fect closed by skin-grafting in April, 1952. Her physician, Dr. Karl H. Martzloff, reports that 
there has been no demonstrable recurrence of the uterine condition and that except for the skin 
involvement, she is otherwise in good health, between fifteen and sixteen years after the 


hysterectomy. 


Case 3 (S8-18940).1—At the time of the subtotal hysterectomy in 1940, the woman was 
36 years of age. Grossly, the uterus had a bosselated outer surface at points where stromal 
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omit 9 
endometriosis extended to the perimetrium and there was diffuse involvement of the my 
metrium by endometrial stroma. The pathologic diagnosis was diffuse stromal endometrios 
and bilateral subacute exudative salpingitis. 

Seven months later the physician noted a mass in the left side of the pelvis which 
felt was an abscess but which at operation proved to be both intact and necrotic solid tissu 
embedded in the right broad ligament and extending downward to the vault of the vagina and 
posterior to it. Histologically the tissue proved to be quite the same cell type previously foun 
in the extirpated uterus. Nothing more seems to have developed until August, 1945, whe: 
febrile and septic course with pain and swelling of the lower abdomen and a foul purulent 
vaginal discharge began and continued until death in later November of that year. 

Necropsy* revealed multiple pelvic abscesses, a fistulous communication with the vagina 
vault, and a sinus connecting a pelvic abscess and the right common iliae vein, with septic 
thrombus here and in the inferior vena cava and metastatic pulmonary abscesses, 

The pelvic peritoneum was greatly thickened and white. In the posterior wall of thie 
urinary bladder, above the trigone, were six slightly elevated soft polyps, all but one of 
which were pinkish gray; the exception was yellow. The largest polyp measured 8 by 5 mm. 

Sections cut to include the fistulous tract to the vaginal vault revealed abundant granula- 
tion tissue, changing after about 2 mm. to a cellular tissue strikingly resembling endometrial 
stroma. Vascularity was a prominent feature in this tissue. Encircling reticulum fibrils 
about the cells were demonstrated. There was some involvement of the cervical stump. The 
bladder polyps likewise proved to be made up of endometrial stromallike cells, perhaps a little 
larger and with more hyperchromatice nuclei than those in the vaginal wall and cervix and 
with a greater vascularity, but otherwise quite the same as in the other locations. 


Comment.—Unfortunately the pelvie infection and its complications cut 
short the life of the patient, but it is evident that the stromal endometriosis must 
have gone beyond the uterus at the time of the hysterectomy and was still present 
and extending, despite the infection and fibrosis, approximately five years later. 
It is of interest to note that the morphology of the stromal cells had not 
changed appreciably in the five-year interval, that all extensions were still 
intrapelvic, and that where the growth involved the bladder, polyps quite 
similar to stromal endometrial protrusions as one sees these in the cavum uteri 
had developed. Previously, we had not seen invasion of the bladder wall by 
endometrial stroma. One of the new cases (Case 1) exhibiting a similar 
tendency will be discussed in detail later. 

CASE 4 (SP-302-40).1—When operated upon in 1940 the patient was 45 years of age. 
The fundus of the uterus, tubes, and ovaries were removed, a total hysterectomy being im 
possible owing to extensive obliteration of anatomic landmarks. Not only was there wide 
spread stromal endometriosis of the corpus uteri, with prominent and soft nodules bulging 
from the surface, but also massive extension to the mesosalpinx, the tubes, and the ovaries. 
There was evidence of involvement of the uterine wall between the reflections of the broad 
ligaments, but if any tissue was removed from this space it was not described. Despite thie 
extensive spread locally, the microscopic features were those of benign stromal endometrial 
growth. The drawings of Doran and Lockyear’s? second case depict very similar adnexal 
extensions. 

A letter from the surgeon, Dr. Charles E. MeArthur, dated Aug. 9, 1950, states that 
contact with the patient had been lost eight years after the operation but that his last pelvic 
examination (eight years) elicited nothing referable to that area. Dr. MeArthur recalls that 
he was unable to remove more than about two-thirds of the tumor masses present at the time 


of surgery. There was no postoperative radiation. 


*Performed by Dr. O. O. Christianson, Spokane, Wash. 
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Comment.—lIt is regrettable that a longer follow-up period could not be 
had. However, it is of great interest in attempting to evaluate the postoperative 
course of stromal endometriosis, that in this instance at least, where all of the 
mass was not removed, recurrence did not take place during the eight-year period 
she was followed. Could the bilateral oophorectomy be responsible for regression 
of the remaining stroma? Possibly, but certain of our old and new eases have 
had oophorectomy or sterilization by radiation, and the stromal tissue left behind 
has continued to grow. 

NEW CASES 

CASE 1.—The patient, Mrs. P. 8. W., was 55 years of age (1952). The protracted story 
began in January, 1928, when, according to a letter to Dr. H. H. Foskett, Portland, Ore., from 
Dr. L. W. Larson, Bismarck, N. D., a hysterectomy was performed by Dr. E. P. Quain. 
There is no available clinical history. Dr. Larson’s description of the uterus follows: “... the 
fundus was somewhat enlarged and contained a submucous tumor which bulged into the 
uterine cavity. The endometrium appeared intact over the surface of the tumor. The 
myometrium was riddled with small pea to bean-sized areas of softening. The cervix ap- 
peared normal. ... Professor E. T. Bell, University of Minnesota, reviewed the sections at the 
time and agreed that they showed histologic evidence of malignancy, but doubted that they 
would prove to be malignant clinically. The family moved away from Bismarck shortly 
after this surgery was done and we have no record of what happened to her since then.” 

Through the courtesy of Drs. Larson and Foskett six sections of the uterus (Bismarck 
Hospital, 39299 028) were made available to me for study. 

Two sections on one slide can be identified as coming from the uterine wall and include 
a little endometrium. There is a definite rounded polyp present and covering it is a single 
row of columnar cells, continuous with that of the surrounding endometrium. The polyp con- 
sists of uniform-sized spindle cells, together with a moderate number of capillary vessels as 
well as vessels having walls of appreciable thickness. Although within the myometrium cells 
seem to lie between muscle bundles, these are quite like those occurring in solid masses. 
Furthermore, one can at times observe the cells just outside vascular channels, felt to represent 
lymphatics, but not herniating into the lumens. Four additional sections reveal only myo- 
metrium, with some very broad masses of the same spindle cells previously described interrupt- 
ing the muscle. <A point of difference from the polyp is the occurrence of at least one-half 
dozen lymphatic vessels which are partially filled by polyplike, or sometimes free-lying, bodies 
made up of uniform spindle cells and accompanying capillary blood vessels. In my opinion, 
athough reticulum stains could not be made, the process is typical of stromal endometriosis and 
of benign type. 


The next operation, a cholecystectomy and pelvic exploration with removal of a pelvic 
tumor, was performed on May 27, 1931, by Dr. D. W. Pollard, Minneapolis, Minn. The gall 
bladder is described as having an atrophic mucosa, a thin wall, and as containing many small 
concretions. With respect to the pelvic tumor it is said that “the point of origin was not 
determined; a mass about the size of a small lemon was found at about the normal location 
of the uterus (subtotal hysterectomy previously) and was removed. It was soft and contained 
black blood clot.” 


The pathologist described a “soft, whitish, smooth-surfaced tumor with smooth and 
white eut surface. Section shows tumor made up of a solid mass of small round cells; very 
clear cytoplasm; nucleoli present; no mitotie figures; very vascular. Pathologie diagnosis: 
round cell sarcoma, of low grade malignancy.” 

Again, Dr. Foskett made the sections of the tissue removed in 1931 available for review. 
These consisted of three duplicate cuts from three separate blocks, all individually small and 
without inclusion of any normal tissue (No. 6528). The structure was quite the same as 
occurs in the primary site. Staining for reticulum was not possible. 
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The next operation was performed on Sept. 9, 1931, for the removal of “pelvic tumo: 
also by Dr. Pollard. “A large tumor mass attached to the base of the pelvis just posterior 
the bladder” was removed. Pathologic examination: “tube is very thick and covered wi 
adhesions which obliterate the fimbriated end. Ovary is much enlarged. Cut surface solid 
and white. There are numerous small pieces of whitish, soft, spongy tissue removed from the 
pelvis.” Microscopie examination: “tumor is made up of rather densely packed round cells 
Stroma indistinct; nuclei vesicular with very rare mitotie figures. The blood vessels 
not show distinct walls. Diagnosis: Round cell sarcoma.” Sections from this operation 
are not available. Whether the surgeon was unable to remove all of the tumor at the first 
operation in May, or if it recurred between then and September is unknown. 

During the next four years, seven courses of deep x-ray therapy were given by Dr. 
R. G. Allison, of Minneapolis, whose factors used in treatment follow: 200 kilovolts—20 
meter angle; 50 em., .75 mm. of copper and 3 mm. of aluminum; 41 r.p.m., 20 by 20 en 
over pelvis; alternately axiopulpal and pulpoaxial during each course. The six courses, 
spaced over the period from Sept. 23, 1931, to June 23, 1953, were each 780 meter angles per 
minute while the last, ending on Mar. 25, 1935, totalled 1,020 meter angles per minute, or a 
grand total of 5,700 meter angles per minute. 

The next record, dated Sept. 4, 1947, comes from the office of Dr. Thomas R. Mont 
gomery, Portland, who removed a segment from the urinary bladder wall. The pathologic 
study by Dr. Frank R. Menne stated: “hypertrophic urinary evstitis; fibroma with hemor 
rhage and necrosis,” and by way of comment “it is difficult to determine the exact nature 
of this tumor. In some areas it has the appearance of being of ovarian origin, and in 
others it is suggestive of a fibroma. There is some tendeney to sarcomatous change. It 
has some of the attributes of pseudoneoplastic changes that may oceur in association 
with hypertrophic urinary cystitis.” 

Dr. Menne kindly loaned both the sections and the paraftin blocks of the tissue for 
review and special staining. 

Slide 2029-47, St. Vincent’s Hospital, contains a number of sections, some quite small. 
By transmitted light certain of the sections in part stain deeply with hematoxylin while 
others are red. Microscopically, the more deeply staining areas prove to be made up of 
elongated cells, possessing even staining nuclei, varying little in size or shape and with- 
out appreciable mitotic activity. Interspersed among the abundant cells are both capillary 
and thicker-walled vessels, one of which is partly occluded by a thrombus. There is no 
recognizable bladder wall. The more eosinophilic areas are largely necrotic. Recut see- 


tions stained for reticulum by means of the Wilder technique reveal circularly disposed 
fibrils around a great many of the tumor cells. 

On or about Sept. 10, 1947, Dr. Karl H. Martzloff, Portland, saw the patient at the 
request of Dr. Howard C. Stearns, Portland, and in his report stated that on bimanual 
examination there was a distinct sense of induration felt through the right anterior and 
lateral fornices were a fairly definite sense of mass which was firmly elastic and had a 


limited degree of mobility existed. Also, there was induration on the right, extending to 
the bony pelvis. On rectal examination nothing could be felt against the left pelvic wall, 
but on the right side there was a distinct fullness and induration, extending anteriorly and 
becoming apparently continuous with the induration described on bimanual palpation. 

It was Dr. Martzloff’s opinion that surgical intervention was contraindicated because 
(1) the growth seemed too diffuse a process to be removed from the pelvie connective 
tissues and (2) the repeated radiation therapy left further radiation as the only recom- 
mended treatment. 

On Oct. 23, 1947, Drs. Howard C. Stearns and Thomas R. Montgomery operated for 
the relief of hematuria, from which the patient had been suffering for three months past. 

Operative Observations.—The fat was somewhat necrotic from x-ray effect. The fascia 
was difficult to delineate. The uterus was absent and only a small right atrophic ovary re 
mained. A firm semimobile tumor mass could be felt in the right adnexal area running 
directly into the bladder tissue. The right ureter was isolated (it contained two catheters 
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placed before the operation) and it was followed down into the indurated tumor. This tumor 
could be dissected out to a certain extent from the lateral approach, but it became necessary 
to open the bladder anteriorly and posteriorly and the latter opening was carried down to 
the area where the tumor was seen on the bladder mucosa. This was excised, leaving at least 
a full centimeter of good tissue around it. The base of the tumor rested its entire length on 
the right ureter from which it was dissected sharply, leaving the ureter in the hope that it 
might regain some blood supply. The bladder wounds were then closed. 

Macroscopically, Dr. Foskett described “a tumor mass measuring 4 by 3.5 em. roughly 
triangular in shape (No. 69639). The base reveals a hyperemic, lobulated, and granulating 
surface which has projected into the lumen of the urinary bladder. The tissue is soft and 
edematous and the surrounding bladder mucosa reveals only a moderate degree of hyperemia. 
Deeper in the wall of the bladder there is considerable induration. Sections cut lengthwise 
through the midportion of this growth from the apex through the bladder wall to the 
hyperemic portion of the lumen reveal a fibrous stroma with a small amount of fatty tissue 
included in the central portion and numerous nodular areas of edematous and cellular appear- 
ing tissue, the largest of which constitute the major portion of the tissue projecting into the 
lumen of the bladder.” 

Fortunately, one-half of the bisected specimen was saved and given to me (Fig. 1). It 
is still apparent, as described by Dr. Foskett, that the mucosa is diplaced inward, is rather 
nodular, and decidedly hyperemic. Along the cut aspect are four discrete, faintly yellow, 
smooth, shiny, soft bodies lying in firm and white tissue. The gross appearance is quite the 
same as stromal endometriosis in its familiar uterine and adnexal locations. 


; Fig. 1 (Case 1, present series).—Drawing on left, slightly less than actual size, is a side 
view of the nodular and ropy tumor mass removed from the wall of the urinary bladder ; 
drawing on the right shows the polypoid appearance of the mucosal aspect. 


Microscopically, Dr. Foskett described the tumor in these words: “sections reveal a 
structure composed of several nodules of quite cellular fibrous connective tissue. The cells 
throughout this tissue are small, and their nuclei are deeply stained. They reveal almost no 
mitoses. A few areas are quite vascular and in others the vascularity is moderate. The 
various lobes of this growth are supported by a dense connective tissue stroma and trabeculum 
Which reveals atypical fibrous structure with no appreciable inflammatory change and no 
evidence of any extension of the highly cellular portions, all of which are circumscribed and 
sharply demareated. A few remnants of bladder mucosa are included in the section. These 
reveal no significant pathological change. In general, this structure presents the picture 
of a very low grade fibrosarcoma. It appears to be even less malignant than either previous 
tissue at prior operative procedures (Bismarck Hosp. 39299 028 and No. 6528). Diagnosis: 
1. Recurrent fibrosarcoma originating in the uterus with current invasion of the bladder wall 
and with evidence of a low degree of malignant activity.” 

Progress.—January, 1950, brought an episode of severe pyelonephritis, treated con- 
Sservatively. Ascites necessitating repeated tapping developed. In August of the same 
year there was another attack of pyelonephritis. 

At the time of writing (July, 1952) the patient had no symptoms referable to any 
remaining tumor in the pelvis and was quite well. 
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Author’s Study.—Having had the privilege of seeing the gross and micr 
scopic preparations through the courtesy of Dr. Foskett, and having mac 
reticulum stains, it is my opinion that the bladder growth represents an exte) 
sion of the original stromal endometriosis of the uterus. I am quite in agree 
ment with Dr. Foskett that the present growth is no more anaplastic than was 
the original one. Despite invasion of the bladder, the tumor impresses me as 
being still histologically benign. 

Discussion —The known twenty-four year course of stromal endometriosis 
exemplified by this case makes it unique among personally observed instances 
of this kind. Had it not been for the great interest and the assiduous efforts 
of Dr. Foskett in gathering the previous records and the sections from the first 
operations, our study would have been far from complete. As matters stand, 
it is possible to say that even though endometrial stroma must have extended 
beyond the confines of the uterus in 1928, it rather promptly recurred; that, 
despite extensive radiation over a period of years, almost certainly the fune- 
tion of the one remaining ovary must have been lost during that time; and 
that finally there is positive evidence of extension into the bladder wall of 
appreciable degree. The histologic structure of the type cell has not changed 
appreciably, either with the passage of time or the change in location. These 
features are difficult to reconcile with the view that the tumor is sarecomatous. 
On the other hand, the realization of the inherent property of endometrial 
stroma to push into lymphatics and to follow these channels serves to explain 
how, whenever such tissue is outside the uterus, extensions to adnexae, pelvic 
wall, and even into the bladder can occur. It would seem that the stroma, in 
this case at least, continued to grow long after ovarian function ceased. One 
may also infer that the dosage of x-ray utilized in treatment was either in- 
sufficient or that the radiant energy was not delivered to all of the tumor, or 
even that the cell was radioresistant. 

Deserving comment, too, is the variety of pathologic opinions expressed 
by those who studied the tissues over the years. In the late 1920’s stromal 
endometriosis was scarcely known, for only a few isolated reports existed in 
the literature (Table I); the bladder biopsy of 1947, of itself and without a 
knowledge of the previous history and pathologic diagnoses, would prove to 
be an almost impossible thing to diagnose correctly unless the examiner 
happened to have considerable experience with stromal endometriosis before- 
hand. Finally, to meet the condition in the form of a bladder polyp would, 
unless one was previously acquainted with the characteristic smooth, yellow, 
soft, and ropy features of stromal endometriosis, afford real difficulty in 
interpretation. Bladder wall extension, in our experience, has been observed 
in only one other case (Case 3"). De Carle’ mentions extension to the bladder 





wall in one instanee. 










CASE 2 (520-S-52).—The patient, Mrs. 8. J. B., was 53 years of age (1952). In 1938, 
a subtotal hysterectomy, unilateral salpingectomy, and oophorectomy had been performed. 





A clinical history is not available. 
The pathologist’s description indicated that the uterus measured 9 by 6 by 5 em. 






and that the “central portion” was replaced by an 8 em. sized “fibroma.” “In the side of 
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the myometrium was a growth which was firm and composed of many concentrated cells, 
yellow in color. These were embedded in a firm, thick connective tissue.” 

Microscopically the uterus displayed a “fibromyoma with disintegration and necrosis,” 
in the capsule was an area 1 mm. in diameter, composed of “densely arranged cells resembling 
an endothelial cell,” of uniform size and shape. Pathologic diagnosis was “fibromyomata 
of uterus.” 

The original sections and blocks appear to have been lost. 

Fifteen years later (1952) a mass attached to the cervical stump was palpated and the 
cervix, right tube, and ovary were removed. To date (July, 1952) the woman has not re- 
turned for checking. 

By permission of Dr. William L. Lidbeck, Salem, Ore., this example was included. 
His diagnosis was recurrent stromal endometriosis involving the cervix. Dr. Lidbeck’s 
description and a sketch indicate that the tube and ovary were fused with the cervical 
stump and that extending between these structures was a somewhat lobulated gray-to- 
yellow mass, suggesting the presence of an infiltrating tumor. The ovary was not en- 
larged. 

Microsections cut to include the mass, cervix, and ovary disclosed a very cellular 
structure consisting of remarkably uniform and elongated cells with ovoid or longer and 
deeply stained nuclei, without mitoses and without multinucleation. Capillary vessels 
were fairly abundant. A lesser number of vessels with walls thicker than those of eapil- 
laries were seen. The growth pushed aside connective tissue and smooth muscle and 
spread out somewhat into the hilum of the ovary. A basketwork type of reticulum sur- 
rounded most of the cells. 

Pathologic Diagnosis —Recurrent benign stromal endometriosis, involving cervix and 


hilum of ovary. 


Comment.—This example presents several features of interest. First, it 
was correctly deseribed both grossly and microseopically by the pathologist who 


saw the original specimen, but was not rightly designated as stromal endo- 
metriosis, if our reasoning, based upon the structure of the late recurrence, is 
correct. Second, while we have no means of knowing when the recurrence 
began, fifteen years elapsed before the patient sought medical advice because 
of consciousness of something in the pelvis. Third, the surgeon found no 
evidence of spread or recurrence elsewhere. Last, the present tumor is still 
histologically benign. A somewhat parallel case with a six-year interval is 
described by deCarle.’ 


CASE 3 (G-2427-48).—Miss J. W., 50 years of age, is stated to have noticed continuous 
uterine bleeding for the preceding six months. There is no other available clinical informa- 
tion. The present status of the woman is unknown. 

Gross Appearance.—The uterine fundus measured 8.5 by 6.5 by 7.5 em. A mid-sagittal 
cut revealed a dilated lower uterine and upper endocervical canal into which protruded 
numerous polyps, thin, fingerlike, soft, nonfriable, and white to yellow except at the distal ends 
where the color changed to brown and seemed hemorrhagic. In one wall of the corpus was an 
ill-defined area, approximately 5 cm. in diameter, varying from white to yellow and with some 
bright red points of unfixed blood. The lesion extended to within a short distance of the 
perimetrium, leaving just a thin rim of unchanged muscle. The first impression of Dr. Vinton 
I). Sneeden was that adenomyosis might exist except for the yellow foci, which were very soft 
and gave the impression of being necrotic. Additionally, in one cornu, there was a yellow 
focus 2 em in size, and both here and elsewhere the impression was gained that the yellow 
substanee might be occupying spaces, thus reminding Dr. Sneeden of stromal endometriosis. 
\ceordingly, a thorough search was made for possible extensions along the vessels between 
the reflections of the broad ligaments, but with negative results, 
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Microscopically, the polypoid bodies proved to be predominantly endometrial stroma 
covered in part by a single layer of columnar epithelium. The grossly yellow foci in th 
Blox 

Just 


myometrium were explained by masses of cells, extremely uniform in size and shape. 
vessels accompanied these cells, were numerous, and often had well-developed walls. 
under the perimetrium, aggregations of the spindle cells were demonstrated in some of tie 


lymph channels, sometimes in polypoid form, in other instances seemingly free in thie 
lumen. Reticulum coiled in circular fashion surrounded a great many of the tumor cells. 
Pathologic Diagnosis —Benign stromal endometriosis involving uterine wall; endo 


metrial stromal polypi with focal hemorrhage. 


Comment.—This is a rather common and typical example of stromal 
endometriosis involving both the myometrium and forming polypi. As far as 
could be ascertained by careful pathologie study, the process was confined to the 
uterus. Although there is but little clinical information, it is reasonable to 
assume that the continuous uterine bleeding had its origin in the stromal polypi. 


CasE 4 (3607-S-50).—Mrs. J. C., 52 years of age, consulted her physician in 1950 for 
increasingly severe pain of two years’ duration in the left lower abdomen. She was still 
menstruating regularly but felt that the amount of flow was increasing. 

The physical examination was essentially negative except for a large palpable pelvic 
mass, thought to be a myoma of the uterus. Since the hemoglobin percentage was down 
to 72, a transfusion was administered prior to hysterectomy. 

On opening the abdomen the great omentum was seen to be adherent to the uterus 
superiorly and over the bladder, which was densely bound to the uterus. The uterus was 
described as three times the normal size, irregular, and with “masses of small and large 
cysts.” The ovaries appeared small and atrophic. <A total hysterectomy was performed. 

Grossly, the uterus measured 8.5 by 8 by 4.5 ecm. and over the anterior aspect a few 
fibrous and fatty tags roughened its surface. The endometrium presented a granular and 
hemorrhagic appearance and at one point a yellowish polyp was apparent, associated with 
which were dilated and prominent vessels, extending far into the adjacent myometrium. 
The opposite wall contained a coarse area of muscle, tending to be whorled and containing 
both clear and dark eystlike spaces, features of adenomyosis. 

Microscopie study of the polyp and the myometrium outward to the serosa at this 
level disclosed large masses of small and uniform cells, identical with those between the 
endometrial glands proper and often demonstrably within endothelial-lined channels, to 
which, at some point, many cell masses were demonstrably attached. Accounting for the 
strikingly dilated vessels noted grossly were frequent thrombi of different ages in the 
blood vessels of the tumor extensions. A small subserosal nodule proved to be an exten- 
sion of the cell masses, and here again these often lay in lymph vessels. 

Pathologic Diagnosis——Stromal endometriosis, benign, of uterus, with polyp formation 
and focal thrombosis; focal adenomyosis uteri. 

Progress.—The latest available information, twenty-two months after operation, indicates 


that the woman was well and without evidence of local recurrence of the process. 


Comment.—This is an example of coexistent adenomyosis and stromal endo- 
metriosis, both focal but nevertheless sizable, and situated in different parts of 
the uterine wall. The clinical symptoms are best attributable to adenomyosis, 
but might also be due to the stromal extensions. 


CASE 5 (3857-S-50).—Mrs. J. H., 32 years of age, had been informed two years prior 
to operation that she had a pelvic tumor which should be removed, nevertheless, the symptoms 
were minimal, consisting only of low backache, a feeling of pressure, and recent urinary fre- 


quency. 
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Through the operative wound the surgeon noted that an intraperitoneal mass which 
seemed to originate from the posterior part of the uterus, displacing the organ and its adnexae 
well up over the bladder, filled the cul-de-sac and extended proximally toward the umbilicus. 
When the peritoneum over the mass was incised the surgeon was able to pass his hand down- 
ward to the cervix and thus to visualize the rectum, which was not adherent. The masses 
around the uterus were then removed before proceeding to a hysterectomy. The doctor de- 
scribed the removal of the masses as “similar to pulling earthworms from their burrows” and 
described the tissue as having a consistency like “rubber foam cushions,” with a “creamy 
yellow” hue. The postoperative course was uneventful. 

Macroscopic Examination.—The uterine fundus, a portion of the cervix, the tubes and 
ovaries, together with many fragments of white or gray elastic tissue in the fixed state, 
weighed 1,190 Gm. The size of the separate tissues varied from as little as 5 mm. to as 
much as 17 by 10 by 3.5 em. The covering of the uterus and attached organs was rough, 
ragged, and to a considerable extent accounted for the dimensions of 15 by 15 by 12 em. 
Attached mainly to the posterior aspect of the fundus was a mass, portions of which presented 
a fine thready appearance. Some of the separate bodies had a distinct polypoid form, both 
threadlike and bulbous. Additionally, small cysts never more than 1 mm. in size and contain- 
ing colorless mucoid material were visualized in some of the masses not attached to the 
uterus. Neither the tubes nor the ovaries gave gross evidence of involvement by the mass. 
The uterus alone measured 7.5 by 6 by 4.5 em. With its base near the internal os was a soft 
polyp, 2.2 by 0.7 by 0.6 em., which seemed to be continuous with the externally lying mass, as 
evidenced by a soft streak in the myometrium between them. 

Microscopic Features.—Forming the grossly observed polyp was a mass of small and 
uniformly spindlelike cells having deeply staining nuclei; hyalin streaks and a small number 
of capillary vessels, together with a covering of thinned-out endometrial epithelium, completed 
the picture. At the base, the cells extended into myometrium and in this region were some 
heterotopic bits of endometrium, around which the smooth muscle was hyperplastic and 
circularly disposed, as occurs in adenomyosis. Widely extending into the myometrium, often 
demonstrably filling vascular channels or lying loosely within these, were numerous masses 
of fusiform cells with scanty cytoplasm, uniformly small and dark nuclei, invariably associated 
with a blood vascular supply of their own. Here again, varying degrees of hyalin degenera- 
tion existed. Although retaining their uniform and innocent structure, other cells were 
interpolated between muscle cells and between bundles of muscle. 

The various extrauterine masses in general resembled the tissue involving the uterine 
wall, including the same tendency to focal hyalinization. In a few places, and probably 
explaining the small cystic areas visualized grossly, were large and small single spaces 
lined by columnar cells in single thickness, having the histologic structure of endometrial 
glands. On occasion it could be satisfactorily demonstrated that these extrauterine 
bodies occupied vascular channels, and a few were covered by thrombi. The Wilder 
reticulum preparations exhibited beautiful basketwork fibrils about the cells except in 
the hyalinized foci. There was no extension of the process to the tubes and ovaries. 

Pathologic Diagnosis——Benign stromal endometriosis of uterus, with polyp formation 
and massive extrauterine extensions; focal differentiation of extrauterine stroma to endo- 


metrium; focal uterine adenomyosis. 


Comment.—Although involving one uterine wall and going far beyond it to 
produce a large elinically evident mass and complicating the problems of the 
surgeon at operation, the histologic structure is still a uniform and a benign one. 
There is widespread foeal hyaline degeneration in the tumor, quite like that 
commonly seen in senile atrophy of the endometrium. The potentialities of 
endometrium is further exemplified in this case by the fact that here and there 
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epithelium and glands formed in the tissue well beyond the uterine wall. Thi 
feature supports the concept that the process is essentially benign in this in 
stance and that certain portions are behaving like ectopic endometriosis. 

Another point of interest is the concomitant focal adenomyosis, exemplifie: 
by this and certain other cases under consideration. This case, then, shows 
three of the possible potentialities of endometrium—pure stromal overgrowth, 
and heterotopia of whole endometrium into myometrium, giving the pictur 
of adenomyosis. 

Worthy of reiteration is the fact that stromal overgrowth in and near 
the endometrium proper is prone to result in polyp formation, usually multiple 
but in this instanee solitary. 


CASE 6 (4627-S-51).—Mrs. L. B., 52 years old, was first seen by her physician late i 
1947 for diabetes mellitus, overweight (248 pounds), and hypertension of 190/110. Another 


complaint was hot flashes, readily controlled by Theelin. She had been flowing some each 
month and mentioned having had one severe hemorrhage. When seen again in September, 
1949, she had been flowing heavily for two weeks after having skipped the previous six 
months. In September, 1951, a re-examination of the pelvis revealed a slightly enlarged 
uterus but nothing else. A total hysterectomy was performed. 

A letter from Dr. Ralph M. Wade, dated April 16, 1952, states that the woman has 
been feeling very well since the operation and that at this last examination a few 
months earlier, nothing suggestive of a recurrence of the uterine condition was apparent. 

Gross Description—The combined weight of the uterus, tubes, and ovaries equalled 140 
Gm. Along the cut surfaces three abnormalities were noted: in part, the inner myometrium 
presented the coarse pattern of adenomyosis, but in the same area one was struck by vary- 
ing sized and not always discretely outlined yellow and soft foci and, finally, by a 
golden-yellow and smooth-surfaced polyp with a broad base and a small distal end, very 
typical of endometrial stromal polyp. Additionally, there was an ordinary-appearing 
endometrial polyp 2.5 by 0.4 em., epidermidization of the lower cervical canal, and a 
leiomyoma. 

Microscopic.—Sections substantiated the gross impression of adenomyosis and ac- 
counted for the yellowish and soft areas, well-differentiated endometrial stromal cells 
without accompanying glands and with nicely formed blood vessels. The vellow polyp 
consisted of the stromal element of endometrium and of blood vessels only, contrasting 
sharply with the glands and supportive tissue of the second polyp. Surrounding a great 
many of the stromal cells was reticulum. 


Comment.—This is another example of well-defined and coexisting stroma! 
endometriosis and adenomyosis confined to the uterus, histologically benign, and 
with one typically shaped and colored endometrial stromal polyp. The earlier 
symptoms of the patient are compatible with adenomyosis; the bleeding episodes 
may have been related to either or both of the endometrial polypi. 


CASE 7 (S-1723-50 P. S.).—Mrs. R. M., aged 55 vears, complained of painless uterine 
bleeding for three months. Menstruation had ceased three years previously. For the first 
two months the flow was irregular, but for the immediately preceding three weeks bleed 
ing had been continuous, requiring three pads daily. The clots were described as 
“large.” 

Palpation elicited a soft and nontender, globular suprapubic mass, estimated at 5 to 
6 em. in diameter and not freely movable. 

tross Appearance.—The uterine fundus, upper cervix, tubes, and ovaries weighed 
500 Gm. Previous sectioning and resultant distortion precluded accurate measurement. 
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Externally the uterus appeared bosselated, due to the presence of small leiomyomas and 
others of like nature which lay in the myometrium. Projecting into the cavum uteri was 
a soft, ragged, hemorrhagic, and necrotic mass which on sectioning had some areas of 
yellowish and whitish hue. The mass merged imperceptibly with the myometrium at its 


base. 

Microscopic Observations——The polyp consisted of densely cellular fusiform cells with 
some variation in nuclear and nucleolar staining but without mitoses or tumor giant cell forma- 
tion. The growth was vascularized by capillary to slightly larger vessels. At the base, the 
stromal cells making up the polyp wedged themselves between myometrial bundles and in- 
vaginated into vessels. Portions of the polyp were hemorrhagic and necrotie but in well- 
preserved fields there were many good-sized foci of hyalinization. Wilder’s reticulum stain 
displayed a basketweave pattern of fibrils about the tumor cells, quite in contrast to the 
parallel arrangement about the smooth muscle of the uterine wall. The small growths proved 
to be leiomyomatous. 

Pathologic Diagnosis.—Benign polypoid stromal endometriosis, with necrosis, hemorrhage 
and hyalin degeneration; leiomyomas of uterus. 


Comment.—One form of stromal endometriosis is predominantly polypoid 
and such is the case here. There was only slight extension into the adjacent 
muscle but it was here that one of the prominent and valuable clues to the 
correct diagnosis existed, namely, herniation of cells into vessels. The symptoms 
of the patient are well accounted for on the basis of the polyp and the necrosis 
and hemorrhage that altered its structure. 


CASE 8 (3955-S-50).—There is no available clinical information on the patient, Mrs. 
B. G., 52 years of age. 

Macroscopic study of the already fixed, previously sectioned, and distorted uterus 
revealed two grossly visible soft, yellowish, circumscribed points 9 mm. and 5 mm., 
respectively, situated within 1 em of the endometrial-myometrial junction. The endome- 
trium was 5 to 6 mm. in thickness and sharply delineated from the muscle. 

Microscopically the endometrium appeared to be in the proliferative phase and 
although overlapping with the myometrium occasionally this seemed to be well within 
normal limits in view of the lack of myometrial hyperplasia. The vellowish zones consisted 
of rather highly cellular aggregations of thin, elongated cells, with uniformly staining 
nuclei, together with capillaries and occasional vessels closely resembling the spiral arteries 
of endometrium. At the margin of the larger mass a crescentie space with an endothelial 
lining appeared to be pushed aside and herniated into by the cell mass. At the periphery 
elsewhere the cells extended slightly into the surrounding muscle. The smaller area con- 
sisted of the same kinds of cells and blood vessels, but extension into vascular channels 
was not evident. In addition, there were two microscopic-sized foci elsewhere in the 
musele, and one of these lay only a few millimeters under the perimetrium. In all cell 
groups reticulum was abundant. 

Pathologic Diagnosis.—Foeal benign uterine stromal endometriosis. 


Comment.—Although seemingly of only focal and minor degree, this ex- 
ample of stromal endometriosis is real and has already extended through the 
uterine wall to a point near its outer surface. 

CASE 9 (3266-S-50).—Mrs. M. H., 52 years of age, consulted Dr. Leslie L. Nunn, 
Vancouver, Wash., on Feb. 18, 1950, for rather profuse, irregular vaginal bleeding. A 
pelvic tumor was palpable. Exploration revealed a brownish, thumb-sized mass anterior to 
the right round ligament to which the omentum was adherent. Both the omentum and the 
mass were removed readily and apparently completely. Because of a considerable thickening 
and apparent edema of both broad ligaments, it was decided to stop with a subtotal hysteree- 
tomy. The status of the patient at the time of writing (July, 1952) had not been determined. 
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Macroscopic Appearance.—The uterine fundus, tubes, and ovaries and three separat: 
gray to red masses of tissue weighed 230 Gm. Two of the latter in the fixed state were firn 
but elastic, grayish white, flecked with hemorrhages, and measured 7 by 1.5 by 3.5 em. 
and 5 by 3 by 1.2 em. Tiny cysts filled with bloody fluid could be visualized in one 
The third, roughly L-shaped, had dimensions of 3.5 by 1.8 by 0.5 em., and was often 
smooth-surfaced but also displayed several stringy and branching strands on the external! 
aspect (Fig. 2). The rather soft-textured uterus measured 9 by 12 by 5.5 em. The serosa 
seemed to be focally hemorrhagic and torn near the right cornu, and, attached here, in the 
region of the right ovarian ligament, was a firm gray to red mass (Fig. 2) measuring 4 
by 3 by 1 em. and appearing to lie within a dilated vessel. On the serosal surface else 
where was a 5 mm. nodule. The endometrium was sharply defined. The myometrium 





Fig. 2 (Case 9).—(1) Drawing of right interligamentous region in which several dis 
crete cords of stromal endometriosis have been cut across. The small subserous nodule is a 
leiomyoma. (2) Additional tumor peeled from broad ligament. Note the several string) 
branches. (3) Segment of a transverse section of the fundus displaying a rounded endometrial 
polyp and the coarse myometrium of adenomyosis in the thicker wall. 
presented the coarse whorling and dimpling of adenomyosis (Fig. 2, 3) extensively affect 
ing the anterior wall but involving little of the posterior side. Scattered through the 
myometrium were discrete white tumors, ranging from bare visibility to 1.5 em. At one 
point a soft polyp having an hemorrhagic free end and measuring 3 by 1.5 by 1 em. was en 
countered. Another, 1.5 by 0.7 by 0.5 em. lay in the left cornu. 

. . . . . *f . = | ] 

Microscopie preparations revealed endometrium in the proliferative phase. Buried 
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in hyperplastic myometrium were many heterotopic portions of endometrium. Endo- 


metrial stromal overgrowth alone or invading vessels was not demonstrable within the 
uterine wall. The discrete bodies were typical myomas. The polyps consisted of all 
elements of endometrium. 

Sections coming from the surface mass consisting in part of fat revealed a slight 
invasion of this tissue by fusiform cells of variable size. At times these cells were very 
compactly arranged, of uniform size and staining qualities, and included both capillary 
and larger vessels, wholly characteristic of stromal endometriosis, but adjacent to such 
masses were others consisting of larger cells, with more plump and rounded nuclei, and 
even multiple hyperchromatic nuclei (Fig. 3). Mitoses were not observed. Curiously, 
these cells were much less compact than in the more uniform-sized areas. Some rather 
obviously extended slightly into the fat. As for the other extrauterine bodies and the 
one protruding into the broad ligament, the structure, on the whole, proved most uniform 
and again the cells individually were distinctly elongated and were accompanied by a 
good vascular component. Rather often, little areas of fresh hemorrhage occurred. In 
view of the location and the necessity of handling during operation it may well be that 
the hemorrhages were on this basis. A small number of large alveolar spaces surrounded 
by stroma had linings of cuboidal cells, akin to the epithelium of the endometrial glands. 
Completely hidden away in one of the separate bodies, consisting otherwise of typical 
stromatous and innocent-looking cells, was a sharply circumscribed 4 mm. area, blending 
with the surrounding stromal cells. This consisted of very much larger cells, both as 
concerns nucleus and cytoplasm, less regularly fusiform, with one or more nuclei, excessive 
and more coarsely granular chromatin than in the surrounding cells. The vascularity was 
greater than elsewhere and the capillaries had less definite walls (Fig. 4). Reticulum was 
present in sections from all of the areas just described. 

Pathologic Diagnosis.—Benign and focally malignant (sarcoma) stromal endometriosis, 
involving one broad ligament area and slightly invading adherent omental fat; focal 
differentiation of extrauterine stroma to endometrial glands; diffuse adenomyosis of 


uterus; endometrial polypi; uterine leiomyomas. 


Comment.—Unlike other instanees in the present and former series of 
cases, the point of departure of the stromal growth within the uterine wall was 
not demonstrable. Except for the point of emergence between the reflection 
of one broad ligament, the whole growth is outside the uterus and almost 
entirely in the broad ligament area. But, in view of concomitant adenomyosis, 
well defined in this instance, and stromal overgrowth of variable degree, it is 
not difficult to believe that the stromal cells took origin from a point near the 
outer surface of the uterus. The case once again serves to point out the close 
kinship of adenomyosis and stromal endometriosis. As in Case 5, also an 
example of both adenomyosis and stromal growth, portions of the stroma in 
Case 9 display endometrial gland formation. 

The present instance not only exhibits all of the potentialities of endo- 
metrium mentioned in the preceding sentences, but goes even further to in- 
clude foci of histologically acceptable stromal sarcoma. Actually, these areas 
constitute only a little of the whole, for the most part being buried in innocent 
stromal growth, and yet capable of invading the surrounding fat. 

CASE 10 (92454 Emanuel Hospital).—Mrs. G. S., 48 years of age, consulted Dr. Howard 
C. Stearns during December, 1951, with the chief complaints of difficulty in defecation and 
irregular menses. The periods had been regular until about three months before, following 
which there was amenorrhea for two months and then a normal period prior to the visit. 
There had not been menorrhagia or dysmenorrhea. Pelvic examination in the office gave 
the impression of the presence of several fibroids in the uterus. 
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Fig. 4. 

Fig. 3 (Case 9).—Photomicrograph (magnification 160) from 
portion of tumor extending into fat adherent to perimetrium. 
vessels have well-developed walls. 

Fig. 4 (Case 9).—Photomicrograph (magnification X320) from lower portion of the same 
area depicted in Fig. In the sarcomatous focus the cells are rather large, plump rather than 
thin, and the nuclei usually contain a prominent nucleolus. 


focally sarcomatous 
Note that even here most blood 
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At operation a large rectocele was visualized and repaired. The uterus appeared to 
be about the size of a two and one-half to three months’ pregnancy, with a “large 
fibroid” on the posterior aspect, together with adherent omentum. <A complete hysterec- 
tomy was performed. 

Gross Examination.—Gross examiration by Dr. H. H. Foskett revealed a “tumorlike” 
area 8 em. in diameter in the muscle of the fundus, but this had a less discrete outline 
than a typical leiomyoma, was coarse textured, for the most part white, and at the middle 
was interrupted by a yellowish, quite cellular appearing tissue, mingling with the whiter 
substance. One cyst some 7 mm. in diameter was present in the yellowish zone. The 
abnormal mass stopped about 1 em. inward from the perimetrium and from here onward 
the muscle was grossly unaltered. There were no endometrial abnormalities. 

Microscopic.—The endometrium presented the features of the early proliferative 
phase. On occasion it extended into myometrium and was surrounded by larger and more 
numerous muscle cells than elsewhere, thus establishing the existence of adenomyosis and 
in the main explaining the nodular area observed grossly. 

Sections cut to include the vellowish zone and the cyst ineluded not only the hyper- 
plastic muscle common to the whole area, but also many accumulations of smaller and 
far more numerous cells, tending always to be elongated and possessing dark and uniform 
nuclei. Mingled with these were occasional capillary and slightly larger blood vessels. 
With rare exceptions the cells were not pushing into vessels; rather they formed solid 
groups between muscle bundles or, to a lesser degree, insinuated in spearlike fashion 
between individual muscle cells. 

The most central portion presented an appreciably different structure in that the 
individual cells were larger, although still of elongated form, while the nuclei were not 
only large but also contained more chromatin with a coarser granularity than elsewhere. 
Mitoses and multinucleation were not noted. Only here is the structure compatible with 
a low-grade sarcoma. Here, and everywhere else, the stromal cells were encircled by 
reticulum. The cystic space visualized grossly contained a few round cells with foamy 
cytoplasm and was surrounded by stromal cells. The genesis and the nature of the cyst 
were not clear. 

Pathologic Diagnosis—Adenomyosis uteri, containing focal stromal endometriosis, 
predominantly benign, but with central low-grade sarcomatous transformation. 


Comment.—Our concept of the pathogenesis and an enumeration of the 
various components of the growth are summed up in the pathologie diagnosis. 
The ease serves as still another example of the possible outcomes of heterotopia 
of endometrium. 

DISCUSSION 

For pertinent comment on individual eases and certain others in the 
literature, the reader is referred to the earlier sections of the paper. 

It is regrettable that no one generally accepted name has been adopted 
for the entity under consideration. The various descriptive terms take into 
account histogenesis, qualified by anatomie or pathologie adjectives indicat- 
ing location, physical qualities, method of spread, reaction of the surrounding 
tissue medium, or, as we' did in a previous study, indicate benignaney or 
malignaney, all of which adds to confusion, particularly on the part of those 
who may be unfamiliar with the condition (Table I). Novak’s second 
edition of Gynecological and Obstetrical Pathology erroneously eredits us' with 
coining the term “stromatosis.” When his attention was ealled to this mistake, 
Novak’® acknowledged that he personally coined the term. The error has been 
only partially corrected in the third edition." 
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We and others have long recognized that stromal endometriosis an: 
uterine adenomyosis have much in common and are best regarded as variants 
of a single process. In our previous study! this was clearly pointed out and 
supported by the inclusion of one case. The present series, in which Cases 4, 
5, 6, 9, and 10 show coexistence of these processes, with one or the other pre 
dominant, affords still more evidence of the kinship of these two conditions. 

At the same time, it must be emphasized that stromal endometriosis ani 
adenomyosis may exist alone and quite independent of the other. Today, no 
one thinks of adenomyosis as a neoplasm. But, what of the instances in which 
endometrial stromal cells alone permeate and extend for long distances 
through the lymphatics of the uterus and even beyond? Similarly, stroma! 
cells frequently interpolate into spaces between muscle bundles and_ in- 
dividual myometrial cells. Are not both means of extending a property of a 
malignant neoplasm? With many types of cells such methods of permeation 
would certainly indicate not only neoplasia, but positive evidence of malignant 
behavior. But, with respect to most instances of endometrial stromal over- 
growth, these commonly reliable criteria fail. 

On the other hand, it cannot be denied that in a certain proportion of 
cases, endometrial stromal cells, whether located in the endometrium proper 
or in heterotopic form, as in stromal endometriosis, do become true sarcomas. 
While we have seen only a few such instances, the cellular structure is a very 
different one from the monotonous alikeness of the stromal cells in the benign 
variety. Case 9 of the present series affords a striking comparison of the 
innocent and the malignant cells (Figs. 3 and 4). The many descriptive names, 
some of which have been listed, would indicate that others than myself feel 
that most stromal overgrowths are best not regarded as neoplastic. 

Certainly the most striking property of pure stromal proliferation in con- 
tradistinetion to adenomyosis uteri is the constant and striking herniation of 
cells into lymph vessels, often with great distention and migration for long 
distanees. It is this property that explains the stringlike or ropelike character 
of the masses outside the uterus. This feature, together with the yellow hue and 
rubberlike resiliency, should put the surgeon on guard as to the nature of the 
process whenever it is encountered bevond the uterine wall. 

While Javert'*?® does not mention stromal endometriosis as such in his 


papers concerning the pathology and spread of endometriosis based on the theory 


of benign metastasis, he nevertheless clearly depicts how endometrium as a 
whole may utilize the lvmphaties of the uterus and adnexae as a pathway of 
spread. Javert mentions one instance of ectopic endometrium personally 
observed within a pelvie lymph node and cites other examples from the litera- 
ture. He does not regard such involvement of lymph nodes as evidence of 
neoplastic transformation or spread. 

Since it has been demonstrated by Javert'*-!° and others that ectopic 
endometriosis may spread through the uterine lymphaties, and since our Cases 
5 and 9 of stromal endometriosis, spreading in the same manner have, in minor 
degree, differentiated into full endometrium, it would appear reasonable to be- 
lieve that not only is there a close relationship between adenomyosis uteri and 
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stromal endometriosis, but also between ectopic endometriosis of pelvie lymph 
nodes and stromal endometriosis. All are probably variants of one basic process. 
To the writer at least, it is still a complete enigma as to why in one instance 
both endometrial glands and stroma will penetrate into the uterine wall 
(adenomyosis), while in another only the stromal element proliferates. 

Another question for which our eases fail to provide an answer is why 
stromal endometriosis sometimes recurs quickly, while in other instances a long 
period of time may intervene. In those cases where the true nature of the condi- 
tion is not recognized at the time of operation, or when the mass is too great 
for complete removal, the answer would appear to lie in the continued life of 
tissue left behind. Yet, in Case 2, nearly fifteen years elapsed before a clin- 
ically evident recurrence took place. One would expect that extirpation of the 
ovaries or sterilization by radiation (as in Case 1) would free the stroma from 
ovarian control and cause it to atrophy, yet in this instance the bladder recur- 
renee must have taken place long after the artificial menopause. 

Deserving special mention is the fact that stromal endometriosis has been 
shown to extend into the wall of the urinary bladder. In Case 3' polypi 
quite like those seen when stromal endometriosis extends into the cavum 
uteri developed. There is no mention that any of these gave rise to bleeding. 
A single polypoid body formed in Case 1 (present series) and gave rise to 
episodes of hematuria. The bulk of the mass consisted of separate, soft, and 
yellow cords, quite like those so commonly observed in the broad ligament 
extensions. The difficulty of arriving at a correct diagnosis in the absence of 
adequate clinical and previous pathologie information is apparent. 


SUMMARY 


1. Three instances of stromal endometriosis reported in 19421 have been 
followed from five to fifteen years. One exhibiting very extensive spread to the 
adnexa was free from evidence of recurrence eight years after operation, at 
which time contact with the patient was lost. 

2. Of the ten new examples, eight are regarded as benign; the other two 
are mainly benign histologically but contain sarcomatous foci. 

3. Among all cases studied, two have shown extension of stromal cells into 
the wall of the urinary bladder, producing ureteral obstruction and hematuria 
in one instanee. While uncommon, this represents an important complication. 

4. One woman, with repeated recurrences, is both alive and well twenty- 
four years after the condition was first discovered in the uterus. 

5. The interrelationships of stromal endometriosis, adenomyosis uteri, 
and ectopie endometriosis are discussed. 

6. The gross and microscopic characteristics of stromal endometriosis are 
stressed in the hope that surgeons on the one hand and pathologists on the other 
will become cognizant of this entity. Reeognition by the surgeon should lead 
to eomplete removal of extrauterine extensions, thus lessening the number of 
secondary operations. Recognition by the pathologists should reduce to a 
minimum the erroneous diagnosis of sarcoma so likely to be made even in 
examples of benign stromal overgrowth in the uterus or elsewhere. 
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7. A tabulation of forty-four previously recorded acceptable examples in 
dicates the need for some generally agreed-upon name for the condition herein 
described. 

8. As is true for many pathologic states, it is altogether likely that th: 
literature is not a true reflection of the incidence of stromal endometriosis and 
that with more general recognition by both clinicians and pathologists in th: 
future, the condition may prove to be a fairly common one. 
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A SURGICAL METHOD OF TREATMENT OF CARCINOMA OF THE 
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T Sgumnaitc yuma earcinoma of the floor of the mouth is a progressive and, 
eventually, a painful, disabling, and fatal disease. For a number of 
years, this disease was treated by radiation therapy,’ *® % 11? but recently 
we have employed surgery because we believe it may offer a better prognosis 
and, even if unsuccessful, will yield better palliation. This paper presenting 
our method of treatment in both early and late cases will show that adequate 
surgical therapy need not be mutilating or severely disabling (Fig. 1). 


DEFINITION 


Cancer of the floor of the mouth ineludes all malignant tumors arising 
from the mucous membrane or minor salivary glands within the triangularly 
shaped gutter bounded by the lower gingival ridge anterolaterally, the free 
border of tongue posteromedially, and the anterior tonsillar pillar postero- 
laterally. Lesions on the lateral border of the tongue or gingival ridge are 
excluded. Both epidermoid and adenocarcinomata are found in this area.’ 


SIGNS AND SYMPTOMS 


The initial presenting complaint was a mass either under the tongue (10 
cases) or in the neck (4 eases). Soreness or pain in the floor of the mouth (4 
cases) was noted but occasionally (3 eases) neither sign nor symptom was noted 
by the patient, the lesion being found only on routine inspection of the oral 
cavity. When first noted, neither sign nor symptoms were a source of great 
concern to the patient as, in those (12 cases) in which specifie information was 
obtained, no medical care was sought for an average of 5.3 months. 

When untreated, the local lesion enlarged and invaded the alveolar ridge 
(8 eases) and/or extrinsic muscles of the tongue. Cervical metastases were 


either present on admission (7 cases) or developed at some time during or after 
therapy (6 cases). When the cancer was uncontrolled, death resulted from 
local hemorrhage, pain, and/or sepsis combined with malnutrition. Death 
usually occurred before metastases could be found in regions below the level 
of the elavicle.* 


Received for publication, Sept. 20, 1952. 
*Present address: Cheyenne, Wyo. 
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OPERATION FOR CARCINOMA OF FLOOR OF MOUTH 

An adequate cancer operation removes the entire malignant tumor and a 
adequate margin of normal tissue on all sides. For eanecer of the floor of th 
mouth, an adequate margin being considered 1 em. in width, excision must in 
clude the anteriorly placed extrinsic and a portion of the intrinsic muscles 0} 
the tongue, all museles and tissues beneath the floor of the mouth except skin 
and platysma muscle, and either periosteum or the inner table of the anterior 
mandible (Fig. 2). This excision will include submaxillary ducts, both sub- 
maxillary glands as well as all nodes anterior to the posterior belly of digastric 
muscle and above the hyoid bone. 

Intratracheal anesthesia is given through an intranasally placed tube, and 
a tracheostomy is established at some time during the procedure. 


Fig. 1 (Case 12).—Postoperative appearance following surgical removal of carcinoma of floo1 
of mouth with preservation of a segment of anterior mandible. 

A transverse incision is made immediately overlying and parallel to the 
hvoid bone, extending from the angle of the mandible on the right to that on 
the left. A vertical incision is then dropped from mid-point of the lower lip 
to that of the horizontal incision (Fig. 5). When no segment of the mandible 
is to be excised, only the horizontal incision may be required. The skin flaps 
are elevated beneath the platysma muscle up to the lower border of the mandible. 
The lower lip is divided in the midline, and the cheek flaps are developed by 
incising the bueeal mucous membrane along the lower gingival ridge and elevat- 
ing the soft tissues as far posteriorly as required to obtain adequate exposure. 
In doing this, the submental nerves and vessels are divided. 


The hvoid bone and the posterior belly of both digastrie muscles are 
. . | me) 


now exposed; these constitute the inferior borders of the dissection. On each 


side, the submaxillary nodes and glands are removed, beginning posteriorly. The 
facial vessels are elevated with the flaps, and usually not ligated and divided. 
The dissection is carried forward to the posterior border of mylohyoid muscle; 
the dissected tissue remains attached anteriorly to the floor of the mouth (Fig. 
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3). The periosteum and muscle attachments are now separated from the in- 
terior border and inner surface of the mandible to a point not higher than 
5 em. from the lower edge. 

The mucous membrane overlying the alveolar ridge is now incised along 
a line separated from the border of the tumor by at least 1 em. The adjacent 
mucosa is elevated from the bone just enough to permit the use of a saw (a 
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Fig. 2.—Sagittal section of oral cavity. Broken line outlines the amount of tissue excised. 
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Fig. 3.—Exposure of mandible following elevation of skin flaps and completion of bi- 

lateral submaxillary triangle dissection. For position of incision see Fig. 5, insert. Segment 
of mandible is being removed. 
Stryker saw is preferable; a Gigli saw can be used). The mandible is now 
incised vertically at each end of the incision to within .5 em. of lower border 
(Fig. 3). It is then incised on the bias (Fig. 2), along its axis until the two 
vertical incisions have been connected; this preservation of the lower border 
and a portion of the outer cortex maintains the continuity of the mandible. 

On each side, the tendons of the anterior belly of the digastric muscles 
and of the mylohyoid, the geniohyoid and hyoglossus muscles are severed at their 
respective insertions on the hyoid bone. The specimen, now attached only to 
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the tongue, is pulled downward beneath the preserved portion of the mandibl 
(Fig. 4). The exision is then completed by incising the tongue in a plane at 
least 1 em. posterior to the primary tumor (Fig. 2). A good portion of thx 
epithelial surface of the dorsum of the tongue can usually be preserved by 
incising the tongue on the bias; this facilitates closure. “Prophylactic” ligation 
of the lingual artery at its point of origin from the external carotid is con- 
traindicated; slough of the remaining tongue may follow. 


Tongue 





Excised segment of 
Mandible 


Submaxillary Gland Submental forcnren 
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Ant, belly of 





Digastric 


Fig. 4.—Delivery of floor of mouth following division of anterior mandibular segment and 
origins of mylohyoid, geniohyoid, and anterior digastric muscles. 


The epithelium of the incised border of the tongue is sutured to the mucosa 
of the cheek and the inner surface of the lower lip (Fig. 5). This suture line 
is reinforced by a layer of buried sutures between the tongue muscle and the 
submucosal tissues. The incision in the lower lip and the neck is closed in layers. 
In the earlier cases, the horizontal neck incision was not closed in order to obtain 


a tension-free flap which could be wrapped around the bare arch of preserved 
mandible and held in place by a pressure dressing. The large elliptical raw area 
which permitted ready drainage was covered with Vaseline gauze and permitted 
to heal secondarily. In later cases, the horizontal incision was closed and a 
small tissue drain inserted at both ends. The wounds in both groups of pa- 
tients healed well, but convalescence was shorter in the second group. 


At the close of the operation, an intranasal feeding tube is inserted and the 
tracheostomy performed. 

Narecoties which depress the cough reflex must be avoided. Early ambula- 
tion is advisable. The initial dressing is changed in seven days. Intraoral 
sutures are removed within fourteen days. The tracheostomy tube may remain 
fourteen days. Talking is discouraged for one week. 

Tube feedings, begun as soon as tolerated, are continued for at least two 
weeks. Clear fluids can be offered immediately thereafter. All patients have 
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eventually learned to swallow food without too much difficulty, but most have 
had initial difficulty. The care of the patient during the immediate postoperative 
period will be facilitated if each patient is told prior to operation what he is to 


expect. 
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Fig. 5.—Method of closure. Upper inserts show initial incision and completed closure. Note 
drains protruding from horizontal incision. 
INDICATIONS FOR CONCURRENT OR SUBSEQUENT COMPLETE NECK DISSECTION 

If palpably diseased neck nodes are present, a complete neck dissection is 
performed on that side. If metastatic cancer is present in both sides of the neck, 
a unilateral neck dissection is performed at the time of the initial operation; the 
side having the most involvement is operated upon. The neck dissection on the 
opposite side is performed several weeks later. Complete neck dissection in the 
absence of palpably diseased nodes is not performed. Such patients are 
followed carefully at monthly intervals for at least two vears, and neck dis- 
section is performed only if and when diseased nodes are palpated.® '° 

RESULTS OF THERAPY 

The results of treatment of all patients with carcinoma of the floor of the 
mouth seen by one of us (D.B.G.) since 1945 are summarized in Table I. The 
operation deseribed was employed without modification in 6 cases; in 4 eases, 
the primary lesion did not extend to within a centimeter of the mandible so only 
the periosteum of the inner table was removed. In 3 cases, the primary eancer 
invaded the mandible so the full thickness of mandible was removed. In only 
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one instance in which primary surgery was used (Case 13), did the cancer reeu 
locally and contribute to the death of the patient; this cancer was very anaplastir 
and grew rapidly. In two instances (Cases 16 and 18) the metastatic cance) 
recurred in the neck and contributed to the death of the patient. 

Six patients received irradiation therapy; of these, 4 received no othe: 
treatment and 2 were treated by surgery in the later course of the disease. Al! 
6 patients were dead within two years of the onset of therapy. However, on 


death was caused by an anesthetic accident. 
The following ease reports illustrate typical results of treatment : 


The Clinical Course of a Patient Treated by Irradiation.— 


CASE 3.—A 47-year-old man had a growth near the frenulum of his tongue for on 
year. When first seen he had a large mass occupying the floor of the mouth between the 
first molar on each side; metastatic cancer was present in the neck. Biopsy of the primary 
demonstrated squamous cell carcinoma. The primary lesion was treated with perorally 
administered x-rays and insertion of radon seeds. Five months later, because of edema and 
residual cancer, palliative diathermy excision of the tongue was done. Severe pain was present, 
requiring use of narcotics. A prefrontal lobotomy was performed for pain fifteen months 
after primary therapy. Death occurred shortly thereafter; at autopsy residual cancer was 
present in the mouth and in the anterior portion of the mandible which consisted of only a 
rim. Bilateral cervical metastases were present but ne distant metastases were found. 

Comment: This patient was treated five years ago. Now the radiologist would probably 
not undertake to treat such an advanced case. However, it demonstrates the clinical course 
of unsuccessfully treated carcinoma of the floor of the mouth. Operation was originally 
refused because of the marked deformity which it would produce. At the time of death, 
the uncontrollable cancer had produced even greater deformity as well as intolerable pain. 
This terminal state, not the normal, must be compared with that produced by any method 
of treatment. 

Inadequate Simple Local Excision; Resection of the Entire Midsection of the Mandible. 


CASE 10.—A 42-year-old man had had a simple local excision of a small cancer of the 
floor of the mouth at another hospital four months previously. When first seen by us, a 
recurrent mass was noted in the floor of the mouth. A bilateral upper neck dissection and 
resection of the floor of the mouth and full thickness of central mandible was done. A U 
shaped tantalum plate was substituted for the central mandible and remained in place for 
six months when it was extruded. Over the following two and one-half year period the 
patient was hospitalized on nine oceasions for plastic operations to rebuild a chin. He re 
mains free of disease, and reconstruction is now satisfactory. 

Comment: Resection of the complete thickness of the central portion of the mandible 
is necessary to control certain cancers of the floor of the mouth. This case would now be 
handled by segmental resection and hence the patient would have been rehabilitated to his 
present state within three months rather than three years. The economy of the segmental 
resection needs no further comment. 

Segmental Resection of Anterior Mandible With Bilateral Upper Neck Dissection. 


CASE 12.—A 50-year-old man had an intermittent submaxillary swelling for six months. 
When first seen, a 1.5 by 2 em. midline ulcerated mass was present in the floor of the mouth. 
No palpably diseased nodes were noted. Biopsy showed epidermoid carcinoma. The operation 
described in this paper was performed, taking a rim of mandible. The wound healed, and 
the patient is now free of disease and free of symptoms. He was able to return to work 
within one month. He is now sixteen months postoperative and free of disease and symptoms. 


Radiation Failure Followed by Segmental Rescction.— 


CASE 21.—A 44-year-old woman had had a hard nodule in the floor of the mouth for 
seven months. This was proved by biopsy to be epidermoid carcinoma and had been treated 
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by external and peroral irradiation. When she came under our care, a thickness in the floor 
of the mouth and a palpably diseased lymph node in the left submaxillary area were noted ; 
surgery was advised. The segmental resection, as described, was performed. Healing was 
uneventful. She returned home within three weeks and is completely rehabilitated except that 
she cannot eat certain sticky foods. 

Comment: A previous course of therapeutic irradiation is not a contraindication to the 


operation and does not necessarily delay final healing. 
SUMMARY 
The immediate results of treatment of 21 patients with cancer of the floox 


of the mouth are presented. An operative method of treatment is described; 


it does not result in objectionable deformity of the face, yet remains a sound 


caneer operation. 
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HIGH CERVICAL CHORDOTOMY 
A PRELIMINARY REPORT 


GEORGE E. Rouuuac, M.D., Str. Louts, Mo. 


HE surgical relief of intractable pain is assuming a more prominent posi- 

tion in neurosurgical practice. Whether this is due to an increase in malig- 
nant diseases or to an appreciation by physicians that some neurosurgical pro- 
cedures are effective cannot be stated with certainty. The fact remains that 
more and more frequently the neurosurgeon is called upon to evaluate and 
treat these problems. 

In the past, the thoracic chordotomy has been the procedure of choice 
for pain below the costal margin. For pain higher in the thorax, head or neck, 
medullary tractotomy, trigeminal tractotomy, and mesencephalic tractotomy, 
either alone or combined with posterior rhizotomies have been used effectivel) 
in some eases. However, it is well known that each of these procedures has 
certain disadvantages and is followed by some failures. For this reason, the 
search has continued for a safer and more certain approach to the spino- 
thalamie pathways. 

The general location and accessibility of the spinothalamie tract in the 
spinal cord have been recognized since the original observations of Spiller’ 
in 1905, which were subsequently confirmed by Spiller and Martin? in their 
original report of the first spinothalamie tractotomy in 1912. Although 
chordotomy became a recognized neurosurgical procedure it remained for 
Walker*® in 1940 to trace anatomically the course of these fibers throughout the 
central nervous system and to demonstrate their displacement dorsally and 
laterally in the upper cervical region into a compact bundle extending from 
a position slightly posterior to the dentate ligament and lateral to the pyram- 
idal tract to the point of exit of the anterior roots. From his observations, 
Walker believed that there was a definite topical arrangement of the fibers 
in the tract, those arising from the sacral segments coming to lie in the cervical 
region directly lateral to the pyramidal tracts. This shift in the spinothalamic 
pathway subsequently has been confirmed by Weaver and Walker,* Rasmussen 
and Peyton,’ Gardner and Cuneo,’® and more recently by Morin, Schwartz, 
and O’Leary.'® There have been and still remain some reservations as to the 
topical arrangements, for the observations of Morin and co-workers indicate 
that there is considerable overlap between fibers representing adjoining seg- 
ments and that few, if any, of these fibers reach the surface of the spinal cord. 

Prior to these anatomic studies, Foerster® had carried out extensive stud- 
ies on the mediation of sensation through the spinal cord. While it was 
Foerster who recognized the possibility of section of the spinothalamic tract 
in the cervical region and it was he who performed the first successful bi- 

Presented at the meeting of the Neurosurgical Society of America, Sept. 20, 1952. 
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lateral cervical chordotomy in man, he cautioned against its general use be- 
cause of danger of impairment of respiratory function. Since that time, there 
have been only a few isolated reports of the use of this procedure. Stookey* 
in 1951 reported two cases of cervical chordotomy, one unilateral and one 
bilateral, at the second and third cervical levels, with satisfactory results. 
Penfield reported an additional case with a death, and Peet and associates’? a sin- 
ele case performed at the third cervical level on one side and the eighth on the 
other, with satisfactory results. Peet again advised against bilateral cervical op- 
erations because of the possibility of respiratory embarrassment, and he showed 
clinically, which was later confirmed anatomically by Walker,’ that it was 
unnecessary to extend the incision beyond the anterior root. There have been 
other isolated reports in the literature on the use of cervical chordotomy at 
various levels, but no detailed studies or lengthy series of cases have been re- 
ported. Recently Morin, Schwartz, and O’Leary’> demonstrated in monkeys 
and again in man that unilateral high cervical chordotomy can be performed 
at the second cervical segment successfully and that the level of the analgesia 
can be brought to the fourth cervical segment and maintained at that level. 
This is a preliminary report made on a group of twelve consecutive cases, 
with far-advaneced malignant diseases associated with severe intractable pain 
not controlled by surgery, roentgen therapy, or narcotics. In these patients 
the bilateral operation was performed between the first and second cervical 
segments. As the purpose of this study was to prove that the bialteral one- 
stage high cervical chordotomy was feasible, there was no selection of patients 


as to etiology of pain, location of pain, or life expectancy. The only eriteria 
was that the pain be below the fourth cervical dermatome. Patients were op- 
erated upon in varying degrees of debilitation; with neurosurgical deficits, 
both motor and sensory; with urinary and fecal incontinence; and in varying 
stages of nareotic addiction. The results of these cases seem to bear out the 
hypothesis that this should be a safe and practical procedure and that it is 
worthy of further consideration. 


TECHNIQUE 

The technique of the high cervical chordotomy differs little from that in 
other locations, a complete laminectomy of the first and second cervical seg- 
ments being performed. After the dura is opened in the midline, lateral ex- 
tensions are made on both sides at slightly different levels in order to expose 
the anterolateral quadrants and at the same time to avoid making the incisions 
in the spinal cord at the same level. The dentate ligament is clamped and di- 
vided and the cord gently rotated. Depending upon the type and location of 
pain, the incision is made to a depth of approximately 4 mm., the point of the 
knife entering at the dentate and emerging at the anterior root, the ventral 
funiculus being spared. For those patients with pain high in the thorax or in 
the arm, the incision is made perpendicular to the lateral aspect of the cord 
at the dentate ligament. For pain arising in the lower segments, the incision 
is started slightly below the dentate in a slightly more oblique direction. 
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There should be at least 1 em. difference in the level of the incisions on th 
two sides. Local anesthesia is the anesthesia of choice, in order that the leve! 
of analgesia may be tested on the operating table. 

Early in the course of this study the patients were kept in bed for a 
period of ten to twelve days. It was shown later, however, that their period 
of reeuperation was shortened by early ambulation and it has become our 
policy to ambulate them usually by the third postoperative day. In all pa- 
tients with involvement of the pelvis by cancer, an indwelling catheter has 
been inserted at the time of operation. Others are allowed to void spon- 
taneously. Narcotics are given only during the postoperative day. Most of 
the patients have been discharged from the hospital in seven to fourteen days. 


CASE REPORTS 


CasE 1.—G. 8. was a 48-year-old man on whom a diagnosis of carcinoma of the rectum 
was made on Dee. 4, 1950. A palliative colostomy was done and he gradually developed 
severe pain in a large fungating tumor mass, which projected through the anus. On May 
11, 1951, under local anesthesia, a bilateral chordotomy at the first and second cervical seg 
ments was performed in one stage. The postoperative course was entirely uneventful. The 
patient voided spontaneously immediately after operation and there was a good level of 
analgesia to the eleventh dorsal vertebra with complete relief of pain until his death on 


June 20, 1951. 


CaSE 2.—S. R., a 51-year-old woman, was admitted because of extreme pain and weak- 
ness in the pelvis and left leg, resulting from a carcinoma of the cervix, with metastases 
to the pelvis and the left lower quadrant. She required large doses of Demerol and 
morphine for the control of pain. On July 27, 1951, a bilateral first and second cervical 
chordotomy was performed in one stage, under general anesthesia. The postoperative 
level of analgesia was at the sixth thoracic vertebra on the right and the eighth on the 
left, and remained at this level throughout the patient’s hospital stay. Sse was able to 
move her legs without pain and without increased weakness, and she was able to void 
spontaneously before discharge from the hospital. According to reports received from 
her family doctor, the level was maintained and she was comfortable until death, some 
two months after operation. 


CasE 3.—L. F., a 32-year-old woman, was admitted to the hospital Aug. 31, 1951, 
complaining of intense abdominal pain. In August, 1950, a diagnosis of carcinoma of the 
uterus had been made, which was treated with radium and deep x-ray. She developed 
pain in the abdomen and pelvis in December, 1950. In early August, 1951, an exploration 
of the abdomen had been carried out and it was found that she had extensive metastatic 
lesions in the peritoneum and liver. At the time of admission, she was addicted to mor- 
phine. Neurological examination was negative, but the general physical examination re- 
vealed abdominal ascites and the patient was obviously in the terminal stages of the dis- 
On August 5, a bilateral high cervicai chordotomy was performed under general 
anesthesia. The postoperative course was marred only by withdrawal symptoms and by 
repeated accumulation of abdominal fluid. During the first ten days following operation, 
there was some difficulty in control of the sphincters, which disappeared by the tenth 
postoperative day. The level of analgesia at the time of discharge was the seventh dorsal 
dermatome on the right and the ninth on the left. She was completely free of pain and re- 
mained comfortable up to the time of death, Nov. 10, 1951. 


ease. 


Case 4.—On E. K. L., a diagnosis of epidermoid carcinoma of the cervix was first 
made in February, 1951, which was followed by extensive roentgen therapy. She was dis- 
charged from the hospital on April 7, 1951, but shortly thereafter developed low back pain 
with radiation into both hips and anterolaterally along the lateral aspect of the thighs. 
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This increased in severity and she was readmitted to the Cancer Hospital. On Aug. 23, 
1951, exploration of the abdomen showed para-aortic node metastases, which contra- 
indicated pelvis evisceration. Following a laparotomy she required morphine at frequent 
intervals because of pain in the left hip and thigh anteriorly and some pain in the right 
hip. On Sept. 6, 1951, a bilateral chordotomy at the level of the first and second cervical 
segments was carried out under general anesthesia. Although subjectively the patient was 
markedly improved and she was pleased with the results of the surgery, the level of 
hypalgesia on the left was at the second lumbar dermatome and on the right at about the 
eighth dorsal. At no time following operation did she have any loss of control in bladder 
or rectal function. There has been no subsequent follow-up on this patient. 


CasE 5.—E. D., a 51-year-old man, was admitted to the hospital because of intractable 
pain in the right leg, in the mid-dorsal region of the back, and in the left arm. A diag- 
nosis of inoperable bronchiogenic carcinoma of the left lung had been made, and he had 
received an intensive course of radiation therapy. Neurological examination showed 
a left Horner’s syndrome and there were hard palpable nodes in both axillae and the 
right supraclavicular fossa. The pain was so intense that he was requiring Dilaudid and 
Demerol every few hours. On Oct. 17, 1951, under local anesthesia, a bilateral one-stage 
first and second cervical chordotomy was performed. The postoperative course was en- 
tirely uneventful and a good level of analgesia to the fourth cervical dermatome bilaterally 
was maintained. He was taken completely off medication and remained comfortable un- 
til his death on Nov. 12, 1951. In the postoperative period, there was urinary retention 
the first eleven days after surgery, which required an indwelling catheter, but which 
subsequently cleared up. 

CasE 6.—V. R. was a 39-year-old white woman, on whom a diagnosis of carcinoma of 
the cervix was made in 1951. She was treated with roentgen therapy and discharged home 
in May, 1951. In September she developed a small bowel obstruction necessitating laparot- 


omy. For several months prior to admission on Jan. 11, 1952, she had lost weight and 


had developed constant pain in the pelvis and thighs which required codeine for control. 


There was a demonstrable tumor of the cervix, which extended to all fornices, into the anterior 
vaginal wall and both parametria. On January 17, a bilateral high cervical chordotomy 
was carried out. The postoperative course was uneventful except for sphincter incon- 
tinence, which was still present six months after operation. The analgesic level was at the 
tenth dorsal dermatome on the left and the twelfth on the right. Follow-up dated July 15, 
1952, six months after operation showed no change in the level. 


Case 7.—E. B. 8., a 58-year-old woman, in February, 1951, began having pain in the 
low back, radiating into the region of the coccyx and the rectum. In May, 1951, the coccyx 
was removed and hemorrhoids were excised, without improvement. She was diagnosed as 
psychoneurotic and referred to a neuropsychiatrist from whom she received a course of electric 
shock, again without improvement. The pain extended into the buttocks and down the pos- 
terior aspect of the left leg. She was unable to sit or to lie on her back and was taking 
increasing amounts of codeine. On admission to the hospital the neurological examination was 
completely negative. X-ray examination of the pelvis showed a destructive lesion of the 
descending ramus of the left pubis. On excision this proved to be metastatic carcinoma, pos- 
sibly ovarian in origin. A complete work-up, however, failed to reveal the primary lesion and 
she was given a course of deep therapy over the pelvis. She improved somewhat for a short 
time, but the pain again recurred and on April 1, 1952, a bilateral high cervical chordotomy 
was performed, the analgesic levels being at the seventh dorsal dermatome bilaterally. At no 
time did she have any sphincter incontinence. At the time of discharge from the hospital, 
she was having no pain, but complained of an unpleasant sensation in the right saddle area 
after sitting for a long time. Careful neurological examination revealed that there was a 
partial sparing of the third, fourth, and fifth segments on the right. She has been followed 
for a period of three months since surgery and is free of pain except for the unpleasant sensa- 


tion in the right saddle area. There has been no change in the bilateral levels of analgesia 


at the seventh dorsal dermatome. 
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Case 8.—H. T., a 60-year-old white woman, was first admitted to the Ellis Fische! 
Cancer Hospital on Jan. 14, 1952, five vears after an abdominal perineal resection of the 
rectum for cancer. A few months prior to admission she began having pain in the left 
hip and posterior portion of the thigh, radiating into the lateral aspect of the left leg 
and foot. She had had no biadder control for eight months before admission. On physical] 
examination, she was chronically ill, pale, and emaciated. The liver was palpable at two 
fingerbreadths below the costal margin. Pelvie examination revealed a firm nodular mass 
completely encircling the vagina and extending into the labia minora. There was ex 
tensive tumefaction throughout the lower pelvis and pitting edema of both legs. Neu 
in both lower extremities, more marked 
On 
The 


rological examination revealed diminished reflexes 
on the left, and some hypalgesia to pin prick on the lateral aspect of the left foot. 
1 bilateral cervical chordotomy was carried out under local anesthesia. 


January 17, ¢ 
pain, of which she complained preoperatively, was completely relieved, the sensory level 


being at the twelfth dorsal dermatome on the right and the first lumbar on the left. 


There was no change in urinary incontinence and at the time of discharge from the hospital 


she was comfortable and off all narcotics. 


CASE 9.—E. S8., a 50-year-old Negro woman, previously treated with radiation therapy 
for cancer of the uterus, was admitted to the hospital because of severe pain in the pelvis and 
rectum. She was moderately debilitated, chronically ill, requiring large amounts of narcotics 
for the control of pain. On examination, the vagina was completely stenotic and the entire 
pelvis frozen with a tumor. A bilateral high cervical chordotomy was done on May 29, 
1952, under local anesthesia. 
that for one week there was some loss of sphincter control, which cleared up. 
pletely relieved of pain, the levels of analgesia being at the fourth cervical dermatome bilater 
ally. Sixteen days following operation, however, she gradually became obtunded and died 
Post-mortem examination showed extensive acute pyonephritis, the 


The postoperative course was uneventful, except for the fact 
She was com 


two days later in uremia. 
kidney being riddled with small abscesses. 


CASE 10.—M. F., a 37-year-old Negro woman, was admitted to the hospital with a 
two-year history of carcinoma of the cervix, which had been treated with radiation therapy. 
She was admitted to the hospital because of severe pain in the abdomen and pelvis, with 
radiation down the right leg, which necessitated morphine four or five times a day, At the 
time of admission, she was markedly debilitated, anemic, and unable to get out af bed or 
The pelvis was frozen and there was a huge lower abdominal mass presenting 


to walk. 
On June 15, 1952, a bilateral one-stage high cervical chordot- 


up as high as the umbilicus. 
omy was performed under local anesthesia. 
ful, except for bladder incontinence, which has continued to the present time. 
it should be pointed out that this patient has possibly bladder wall involvement, with 
Twenty-two days after surgery, the neurological revealed analgesic levels were 


The postoperative course was entirely unevent- 
However, 


tumor. 
at the sixth transverse dermatome on the right and the seventh on the left, with a hypalgesic 
band extending up to the second bilaterally. She is completely comfortable and off all 


nareoties, although her condition is terminal. 


Case 11.—C. O. H., a 55-year-old minister, was admitted to the Cancer Hospital be- 
cause of severe pain in the right hip and pelvis, associated with increasing difficulty in 
incontinence. Examination revealed a large tumor mass arising 


walking and urinary 
Exploration of 


from the right ileum, which was proved on biopsy to be a chondrosarcoma. 


the abdomen showed extensive involvement of the pelvis, including the bladder. On June 


24, a bilateral high cervical chordotomy was performed under local anesthesia. The post- 
operative course was entirely uneventful and when examined two weeks after operation 
he was found to be bright and alert and completely comfortable and free of pain. His 
analgesic levels were bilaterally at the seventh dorsal vertebra. There was no increased 
weakness in his leg and he was up and about, walking on crutches. The other 
The reflexes were active and equal. Incontinence remained un 


sensory 


modalities were intact. 
changed. 
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CASE 12.—Y. B., a 51-year-old man, had a carcinoma of the rectum removed in 1949, 
One year prior to admission he developed pain in the buttocks and progressive and sphine- 
: prog 
The pain gradually increased in severity and he was readmitted to the 


ter incontinence. 
hospital on July 9, 1952. He had become completely incontinent of urine. On examination 


there was a large palpable mass in the pelvis. Power in the lower extremities was normal. 
There was definite hypalgesia in the fifth lumbar dermatome and all the sacral dermatomes 
on the left. On July 19, a bilateral cervical chordotomy was performed under local an- 
esthesia. Level of hypalgesia on the operating table was at the fourth dorsal vertebra, 
but upon return to the ward, it was found to be at the first lumbar on the right, and the 
tenth dorsal on the left. The postoperative course was uneventful until one week post- 
operatively when he developed left costovertebral angle pain, which was shown to be 
due to complete block of the left ureter. He was completely free of his pre-admission 


pain and has been off all narcotics up to the present time. 


DISCUSSION 


This series demonstrates that the bilateral high cervical chordotomy per- 
formed at a single stage is a practical operation. Although there was one 
death sixteen days after surgery from renal failure, there were no deaths 
which could be attributed directly to the surgical procedure and no patient 
showed signs of respiratory embarrassment. The operative morbidity has 
been considerably less than that usually seen following dorsal chordotomy. 
Although early in this series all patients were bedfast for periods of from 
seven to ten days, the more recent ones were allowed up on the second or third 
day and were discharged within a week’s time. Postoperative pain was con- 
fined to some headache for one or two days, associated with pain and stiff- 
ness of the neck. 

The signs of damage to neighboring pathways, as an aftermath of the in- 
cision in the cord, were almost negligible. There were no patients in whom 
motor weakness has been produced, nor have neurological deficits existing 
prior to operation been accentuated. A single patient exhibited absence of 
sweating on one side of the face, but there were no instances of classical 
Horner’s syndrome. 

As with bilateral chordotomies elsewhere, sphincter incontinence has been 
the major postoperative complication. Only one patient who had not had 
incontinence prior to operation developed a lasting bladder sphincter ineon- 
tinenee. In this patient, there was extensive involvement of the pelvis 
by eareinoma, which undoubtedly played an important part in the failuure 
to regain bladder control. There was a temporary loss of sphineter control 
lasting up to ten days in four additional patients, all but one of whom had ex- 
tensive pelvie disease. There is little doubt but that the instances of sphine- 
ter incontinence are directly related to involvement of the pelvic viscera and 
lumbosaeral plexus. 

As the anatomic studies of others have shown, and this series of cases 
suggests, the dorsolateral shift in the spinothalamic tract in the eervieal re- 
gion and the eompactness of the bundle allow for easy accessibility of these 
fibers to a surgical approach with a minimal possibility of damage to neigh- 
boring fiber tracts. 
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It is of interest to note that there is in general a topical arrangement o! 
fibers which does not coincide entirely with the observation of Walker and 
Weaver, which will be studied in more detail in future cases. It has seemed to 
us that the fibers arising from the sacral and lumbar dermatomes lie in the 
ventrolateral portion of the spinothalamic tract. This has been borne out by 
the fact that incision of this portion alone usually resulted in a level of 
analgesia up to the lower dorsal dermatomes. Likewise, the impression that 
the dorsal and cervical fibers come to lie at the second cervical level in the 
dorsomedial portion of the bundle is indicated by the fact that if a fourth 
cervical level of analgesia is desired, it is essential that the incision be carried 
dorsally to the dentate ligaments. To substantiate this hypothesis, on one 
occasion stab incisions were made into the dorsomedial portion of the fiber 
tract, which resulted in an analgesic level from the eighth dorsal to the fourth 
cervical dermatomes. 

Further proof that there is some intermingling of fibers from adjacent 
regions was the partial sparing of the third sacral and fourth and fifth der- 
matomes in one patient in whom the level had been brought to the fourth 
cervical bilaterally. With the evidence that we have to date, it is highly pos- 
sible as Hyndmann and van Epps" suggested, that selective section of the 
spinothalamic tract for pain in certain areas may possibly be carried out suc- 
cessfully. 

One of the most distressing features of spinothalamic tract surgery has 
been the dropping or even complete disappearance of the level of analgesia 
with the return of pain. While, admittedly, the follow-up in this series of 
cases is much too short, the postoperative levels of analgesia have been main- 
tained exceedingly well. There have been no instances in which there has been 
a return of pain of which the patient previously complained. Whether or not 
this will be confirmed with long-term follow-up remains to be seen, and it is 
our hope that as the indications for cervical chordotomies are broadened to 
painful conditions other than malignancy, there will be greater opportunity 
for such studies. 

CONCLUSIONS 

1. A series of twelve successful cases of bilateral cervical chordotomy at 
the first and second cervical levels are presented. 

2. The operative mortality has been zero and the morbidity as compared 
with other operations on the spinothalamic tract has been considerably les- 
sened. 

3. The fear of respiratory complications with a bilateral operation has 
proved to be unwarranted and it has been shown that the operation is a prac- 
tical one. 

4. Although this series of cases is too small for final judgment, the an- 
algesie levels and the relief of pain have appeared to be better maintained than 
with other procedures. 
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THROMBOPHLEBITIS WITH ISCHEMIA AND GANGRENE 
CHARLES D. HERSHEY, M.D.,* WHEELING, W. VA., AND Roy E. SNyper, M.D.,** 
Fort WortH, TEXAS 


HE association of arteriospasm and thrombophlebitis has long been accepted 

and efforts to remedy this manifestation have for many years been an integral 
part of the therapy in venous occlusion. There have been a few reports in the 
literature where these patients have developed extreme disturbances in the entire 
circulation of the extremity resembling arterial embolism or thrombosis, in some 
instances resulting in gangrene and loss of the limb. The exact nature of this 
phenomenon has not been incontroversibly determined and has been referred 
to under several names. Gregoire’ called it phlegmasia cerulea dolens or blue 
phlebitis. Veal and associates’ prefer the term acute massive venous occlusion, 
feeling that the findings are due to a total obstruction of the venous bed in the 
extremities. Due to the paucity of reports of this phenomenon in the literature 
and the grave prognosis when the situation occurs, we are presenting three cases 
recorded at the Wheeling Clinic and a discussion of the possible causative factors 
and methods of treatment. 

Tilley’ in 1938 found 105 cases in the literature and reported four of his 
own, in three of which the patients developed gangrene, requiring amputation. 
Three of these oceurred after full-term delivery and the fourth following an 
abortion. They were all young individuals, two being in the third decade of 
life and two in the fourth. The amputated extremities were examined in each 
ease and all the veins were found to be completely thrombosed and the arteries 
were grossly normal. He attributed the gangrene to massive venous obstruction. 

DeBakey and Ochsner‘ in 1949 found fifty-six eases in the recent medical 
literature, mostly in the foreign press, and reported two of their own, one of 
which required partial amputation of both feet. They believe that the primary 
factor is a sudden complete blockage of the cireulation by venous thrombosis, 
and that vasospasm plays a secondary and contributory role in the pathogenesis 
of this condition. 

Veal and associates® reported eleven cases of acute, massive venous occlusion 
of the lower limbs, two of which required amputation. He considered that al- 
though arteriospasm may be present it is not the prime factor in the circulatory 
collapse of the extremity, but that the marked clinical manifestations are due to 


an acute, massive venous occlusion which might be the result of (1) an extensive 
thrombosis, (2) sudden plugging of the major veins of the pelvis and thigh by 
a shifting thrombus, or (3) by ligation of the main venous channel. Six of his 
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eleven eases followed ligation of the vena cava, external iliac, or femoral veins, 
but in none of the other cases reported in the literature had deep vein ligation 


been done. 
Of the three cases in this report, two were preceded by superficial femoral 
vein ligation; the third had had no antecedent vein interruption but occurred in 


a patient with ulcerative colitis. 


Fig. 1 (Case 1).—Showing the extremity after amputation of the distal portions of the 
first and second toes and débridement of the extensive area of cutaneous gangrene of the left 


thigh. 


Case 1.—A 32-year-old white woman, who had been discharged from the Ohio Valley 
General Hospital on Dec. 6, 1950, following an uneventful convalescence from a cesarean 
section performed for abruptio placenta, was readmitted on Dee. 16, 1950, with the history 
of swelling in the left thigh which later extended to the lower leg, occurring one day previous 
to admission. She was also complaining of considerable pain in the anteromedial aspect of the 
left thigh and in the calf. Examination revealed swelling in the thigh and, to a somewhat 
lesser extent, in the calf. All of the pulses in the left lower extremity were normal. There 
was considerable tenderness over the femoral vein in Scarpa’s triangle, and Homan’s sign was 
positive. A ligation of the left superficial femoral vein was performed on the evening of 
admission, at which time a clot was found to be present at the site of ligation and several loose 
There was a brisk flow of blood from the 


clots were aspirated from the iliac vein at the time. 
Dicumarol was started inimediately and 


proximal segment of vein following this procedure. 
the dosage was controlled by daily estimation of the prothrombin time. At no time, however, 
was the latter determination below 41 per cent. The patient was made ambulatory with Ace 
bandages on the left foot and lower leg. On the fourth postoperative day she began to com- 
plain of sharp pains in the left thigh, and a purplish area the size of a silver dollar appeared 
on the anterolateral aspect of the left thigh. Within two hours this had enlarged to an 
area three by five inches in diameter. Twelve hours later she complained of pain in the toes 
of the left foot, and a bluish-purple discoloration of the left first and second toes appeared 
within a few minutes after the onset of this pain. The toes at that time were cool, whereas 
there was only a moderate decrease in warmth in the foot and lower leg. A left lumbar 
sympathetic block was done which greatly relieved the pain, but there was no improvement 
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in regard to the color of the affected areas, and the dark area in the thigh increased in size. 
On December 24 some swelling was noticed of the left labia. On December 27 there was 
obvious dry gangrene of the distal phalanx of the left second toe, although the edema of th 
extremity had decreased. Two days later there was dry gangrene evident in the distal 
phalanx of the left great toe also. During this time the patient was treated with elevation of 
the leg and penicillin. As there was no apparent improvement following lumbar sympathetic 
block this procedure was discontinued. She was found to have a profound anemia. Althoug! 
the initial blood count revealed a hemoglobin of 67.4 per cent and red blood cells 3,800,000, « 
repeat examination of the blood on the fourteenth postoperative day showed a hemoglobin 
of 43.6 per cent and red blood cells 2,400,000. The anemia was treated by blood transfusions. 
The area of discoloration on the anterolateral aspect of the left thigh gradually changed from 
a reddish-purple color to a black, dry gangrene which extended through all layers of thie 
skin and into the superficial fat. This gangrenous tissue was later débrided and after an 
extended length of treatment with wet dressings the area was covered with a split-thickness 
skin graft. The left first and second toes had previously been amputated at the line of 
demarcation at the interphalangeal joints. At the time of writing there is only a minimal 
degree of swelling in the leg, the toe stumps are completely healed, and the grafts on the 
thigh are in good condition, although there is considerable deformity of the thigh due to the 
large amount of tissue loss. 


CASE 2.—A white woman, 52 years of age, had been discharged from the Ohio Valley 
General Hospital on Oct. 10, 1949, following a cholecystectomy and exploratica of the com 
mon bile duct for stones. The convalescence from this operative procedure had been entirely 
uneventful. She was readmitted to the hospital three weeks later, on Nov. 1, 1949, complain 
ing of severe pain of five days’ duration in the right lower part of the chest and in the calf 
of the left leg. Examination revealed rales and dullness at the base of the right lung. There 
was no swelling in the left leg but Homan’s sign was positive and there was tenderness over 
the left femoral vein in Searpa’s triangle. X-ray examination of the chest showed evidence 
of infarction in the right lower lobe, and there was some elevation of the right diaphragm. A 
bilateral superficial femoral vein ligation was carried out on the day of admission. <A loose 
clot was found in the left femoral vein and clots were aspirated both proximally and distally 
before ligation. No clots were found in the right femoral vein. Heparin, Dicoumarol, and 
penicillin were started immediately. The heparin was discontinued after forty-eight hours. 
Prothrombin time ranged between 19 and 40 per cent of normal during the ten days this 
therapy was continued. There was very little swelling in the left leg following the operation, 
but on the fifth postoperative day the patient suddenly complained of pain and coldness in the 
left thigh, leg, and foot, and four hours later a bluish discoloration of the left third and 
fourth toes appeared. There was also some swelling of the second toe, and a reddish-purple 
discoloration of the distal portion of the dorsum of the left foot became evident. The lower 
leg and ankle appeared warm but the toes were cool. The dorsalis pedis, posterior tibial, and 
popliteal pulses could not be detected. Left lumbar sympathetic blocks were instituted at eight- 
hour intervals. Relief of pain followed the first block and at the time of the third para- 
vertebral injection the foot and toes became warm, but a line of demarcation appeared in the 
distal phalanges of the third and fourth toes. On the following day the dorsalis pedis pulse 
was palpable in the left foot and from that time on there was improvement with a gradual 
decrease in size of the discolored area on the dorsum of the foot and the proximal portions of 
the toes. The swelling which had increased at the time of the onset of the color changes in 
the foot and toes gradually diminished. The lumbar sympathetic blocks were continued at 
eight-hour intervals for a period of ten days. At that time the foot was warm to the 
touch, although there was an obvious dry gangrene of the distal portions of the distal 
phalanges of the left third and fourth toes. Due to the minimal extent of this gangrene, 
amputation was not done and the tips of these digits sloughed off with good healing of the 


stumps. The patient was last seen in March, 1952, at which time there was no swelling of 


the lower extremity and the peripheral pulses were of good volume. The only skin change 
present was some dusky brown discoloration of the skin of the dorsum of the left foot. 
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CASE 3.—A 19-year-old white man was admitted with a history of diarrhea of five years’ 
duration with occasional bloody stools. Barium enema revealed ulcerative colitis involving 
the entire colon and this was substantiated by sigmoidoscopic examination. He was treated 
medically and upon the tenth hospital day was suddenly seized with severe pain in the right 
thigh and lower leg with some swelling. The right foot became blue and very cold. The 
dorsalis pedis and posterior tibial pulses were absent in that leg. Five hours later the skin 
of the right lower extremity became blue from the toes up to the lower thigh and this area 
was cold to the touch. It was at first thought that he had developed an arterial embolus 
because of the absence of pulses, the severe pain, and the color changes in the limbs. <A right 
lumbar sympathetic block was done which greatly relieved the pain and there was some in- 
crease in warmth in the leg. At the onset of this manifestation he went into a mild degree of 
shock with a blood pressure of 100/60. The following day he complained of pain in the 
groin, calf, and plantar surface of the distal portion of the right foot. A second right lum- 
har sympathetic block was done with improvement in color and warmth of the leg and there 
was some decrease in the edema. Daily lumbar sympathetic blocks were performed for a 
period of fourteen days. During this time the color changes disappeared completely and 
only a moderate degree of swelling remained. 

On July 8 he noticed swelling and pain in the left lower leg with tenderness in the calf; 
a positive Homan’s sign was elicited. A bilateral superficial femoral vein ligation was per- 
formed, at which time a fresh clot was found in the left femoral vein and the right femoral 
vein was completely obliterated by an old clot. It was noted at that time that the femoral 
artery in the right leg appeared normal in the operative area. Although some residual swell- 
ing remained in both legs, the pain and discomfort disappeared for the most part. On August 
14 an ileostomy was performed because of lack of response of the ulcerative colitis to medical 
regimen. The postoperative convalescence was very satisfactory and the patient was dis- 
charged from the hospital on Sept. 9, 1947. He was seen three months later, at which time 
there was still some moderate degree of swelling in both lower extremities and two small 
uleers had appeared on the left leg, but these responded to supportive bandaging. 


DeBakey and Ochsner have pointed out that the elinieal findings in this 
condition may be of two varieties. The first type may start out as a typical 
thrombophlebitis with the arterial manifestations appearing sometime later, 
whereas in the second type the characteristic arterial manifestations appear at 
the onset and the subsequent course of the disease becomes more typical of 
thrombophlebitis, as in our third reported case. All writers are agreed upon the 
characteristic suddenness of onset of the severe signs. The pain first appears 
in the thigh or groin and may later extend into the lower leg. The other 
manifestations come on in rapid suecession, consisting of soft tissue swelling, 
and bluish or purplish discoloration of the skin in areas, and the limb takes on 
the appearance of great arterial impairment. The presence or absence of pulsa- 
tion in the extremities varies greatly in the reported eases, and this is borne 
out in the three cases reported here. The first case, which progressed to the 
ereatest extent of gangrene, had no impairment in the peripheral pulses, whereas 
the second and third cases had absent pulsation in the dorsalis pedis and 
posterior tibial arteries at one time. Although the discoloration is usually 
found first in the toes and foot yet, as illustrated in our first case, it may 
appear primarily and most extensively in the thigh. Skin temperatures are 
usually diminished, although this is not always true. 

There may be tremendous loss of fluid into the tissues of the extremity, 
resulting in profound circulatory collapse, and many of the patients have died 
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of shock in the initial stage of this disease. Of the thirty-two cases found in 
the literature by DeBakey and Ochsner, eight resulted in death, showing the 
grave prognosis in this condition. Most of the deaths occurred in the initia! 
stage of shock. These individuals may show signs of pulmonary infarction, 
although this manifestation is in the minority. Pulmonary embolism was the 
first manifestation, however, of this condition in our second case. The areas 
involved with the severe color changes may progress to a dry gangrene or 
they may slowly improve. Many of these go on to complete recovery with no 
residual findings, but major amputation has been necessary in a considerable 
number of the reported cases. Of the two cases reported by DeBakey and 
Ochsner, one resulted in bilateral partial amputation of the foot and toes, 
whereas in the second there was complete recovery. In the latter a ligation 
of the superficial femoral vein was done with aspiration of the clot both 
distally and proximally. DeBakey and Ochsner felt that this procedure may 
have saved the patient from amputation. Only two of the eleven patients re- 
ported by Veal required amputation. 

As a result of the demonstration by Leriche of the existence of arterio- 
spasm in most eases of thrombophlebitis this phenomenon was at first thought to 
be the cause of the marked evidence of arterial embarrassment in this condition. 
It was soon found, however, that this was not the only factor involved and indeed 
it would appear that this plays only a contributory role in the majority of these 
eases. This has been evidenced in the lack of response of most of these in- 
dividuals to lumbar sympathetie block. Tilley, DeBakey and Ochsner, and 
Veal and associates have all ascribed to the presence of a massive occlusion of 
practically all the veins of the extremity as being the dominant factor in the 
pathogenesis of this disease. It is pointed out that this venous thrombosis must 
not only be complete, but must be very sudden in its evolvement because other- 
wise collateral channels have an opportunity of being developed to relieve the 
venous congestion. Massive obstruction of the venous return in the extremity 
results in a great reduction of the arterial blood flow and in portions of the leg 
there may be a complete cessation of the flow of arterial blood. Veal concluded 
that this rapid extensive venous occlusion may result from extensive thrombosis, 
a shifting thrombus, or from ligation of the major veins. Five of his eleven 
cases occurred after deep vein ligation. 

It has been thought’ that deep vein ligation greatly relieves the arterio- 
spasm present in thrombophlebitis by abolition of the pain impulses through 
sympathetic fibers in the vein wall and one would not expect, therefore, to find 
increased arteriospasm following such ligation. The appearance of severe 
arterial manifestations following this procedure must be on the basis of addi- 
tional impairment to venous return. 

Probably arteriospasm plays a role of varying importance in this disease. 
In our first case it appears to play a very minor part, and massive venous 0¢- 
clusion seemed to be the predominant pathology. However, in the other two 
cases arteriospasm played a sufficiently supporting role that we feel that lumbar 
sympathetie block prevented major amputation in at least one of the cases and 
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provoked marked favorable clinical response in the other. For this reason we 
believe that paravertebral injection with Novoecain should be tried in all of 
these cases because the part played by arterial spasm may be a sufficient burden 
on top of the massive venous occlusion present to be the deciding factor as to 
whether or not gangrene appears. That there may be some hazard connected 
with this procedure is brought out by one of Veal’s cases where a marked in- 
crease in swelling of the extremity followed lumbar sympathetic block using 


Novoeain in oil. 

It is difficult to determine the role which deep vein ligation plays in pre- 
eipitating this severe condition. If the marked arterial manifestations appear 
immediately following interruption of the venous channel, then we must assume 
that this procedure has added sufficient reduction in venous flow upon the 
obstruction already present in other channels to precipitate this ischemic phe- 
nomenon. In the cases which we present, however, the manifestation did not 
appear until the fourth and fifth days, respectively, following femoral vein inter- 
ruption. In each case the flow of blood in the femoral vein involved was com- 
pletely obstructed by a clot at the time of operation, as there was no flow upon 
opening the vein previous to aspirating the clot, so that one could hardly at- 
tribute the loss of this channel to returning blood flow as adding to the em- 
barrassment of the limb. A further thrombosis in other venous channels in the 
extremities must have occurred. This apparently took place several days follow- 
ing the ligation. 

Veal and associates have found that the best method of therapy in this 
condition is high elevation of the extremity from 60 to 75 degree angles and the 
immediate institution of vigorous exercises to the foot and thigh. These latter 
consist of flexing and extending the foot and thigh. The resultant contraction 
and relaxation of the thigh and calf muscles promulgate the venous blood from 
the extremity upward into the veins of the groin and abdomen. These exercises 
are continued with only short intervals of rest until the signs of venous engorge- 
ment do not recur with the leg elevated. Then they are continued as active 
exercises by the patient. Upon this regime Veal reports avoidance of gangrene 
in nine out of eleven patients. 

SUMMARY 


1. Thrombophlebitis may result in circulatory embarrassment of the entire 
extremity with findings simulating arterial obstruction which may proceed to 
gangrene and amputation. 

2. There are two mechanisms involved in producing this phenomenon: (1) 
sudden massive venous occlusion in most of the venous channels of the extremity, 
and (2) arteriospasm. 

3. Massive venous occlusion is considered to be the predominant factor, 
whereas arteriospasm plays a role of ineonstant degree, varying from one of 
negligible importance to that of being a determining factor in the extension of 
the isehemie process. 

4. Lumbar sympathetic block with Novocain should be employed in all eases 
heeause of this contributory vasospastie role. 
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5. The symptoms of this phenomenon consist of sudden, excruciating pai 
originating in the thigh or groin and later progressing to the lower leg; typical! 
color changes of the skin of the lower extremity; massive edema of the leg; and 
the appearance of areas of gangrene in the toes or of cutaneous areas in the leg 


or thigh. 

6. Best reported results of therapy have followed the institution of vigorous 
passive and active exercises of the extremity with high elevation. 

7. Although superficial femoral vein ligation has been advocated as a 
method of treatment of this condition, it must also be considered as a possible 
causative factor since two of the three cases herein presented appeared follow- 
ing deep vein ligation. 

8. Conservatism is to be emphasized in cases where amputations are re- 


quired. 
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A NEW NONCRUSHING CLAMP WITH A UNIVERSAL JOINT 
FOR BLOOD VESSEL SURGERY 


RUTHERFORD S. GILFILLAN, M.D.,* Terry Masupa, A.B.,** Exiort D. GREEN,*** 
AND NoRMAN E. FREEMAN, M.D.,**** San FRANCISCO, CALIF. 

(From the Laboratory of Experimental Oncology, National Cancer Institute, National In- 
stitutes of Health, Federal Security Agency, The Cancer Research Institute, University of 
California School of Medicine, and the Vascular Research Laboratory, Franklin Hospital) 

HE placing of the posterior row of sutures in an arterial or venous 

anastomosis is often an awkward procedure, as is control and suture of 
vessels, where clamps necessarily placed at right angles to the vessels cannot 
be adequately applied because of necessary angulation of the handles. Sec- 
ondarily, the handles of clamps should be mobile so that they can be moved out 
of the center of the operative field if necessary. The instrument described 
provides the necessary mobility to meet the above-mentioned situations (Figs. 
l and 2). The round and pointed teeth give adequate fixation without crush- 
ing' and will not tear the vascular wall as it is possible to do with square or 
milled teeth.? 

DESCRIPTION OF INSTRUMENT 

The instrument (Figs. 3 and 4) consists of a tubular handle, parallel 
clamping jaws positioned at one end of the handle and at a 90 degree angle 
to the handle, and a cylindric knob at the opposite end of the handle, the 
turning of which moves one jaw away from or toward the other jaw. Built 
into the handle near the jaw end is a ball-shaped universal joint. By means 
of this joint the jaws may be fully rotated at any angle up to 45 degrees to 
the handle. By turning the knurled ring surrounding the ball joint the move- 
ment of the joint may be held in any position desired. The movement of the 
jaws while the ball joint is angled within its limits of action is accomplished 
by means of an innermost solid ball attached to a shaft connecting with the 
cylindric knob. A pin through the ball and at a right angle to the shaft 
extends beyond the ball at each of its ends. These protruding ends are free 
to oseillate and slide in slots in a surrounding spherical shell. One side of this 
shell is open sufficiently to allow a total of 90 degree movement of the shaft. 
The other side has attached to it a threaded shaft which is engaged with a 
threaded tube to which is attached at its external end the movable jaw. 
Surrounding this tube is another tube with the stationary jaw mounted on 
the external end and another spherical shell mounted on the internal end. 
This latter shell is partially enclosed by a half shell attached to the long part 
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of the handle. The knurled ring is sufficiently small internally that the screw. 


ing of it into the half shell holds the ball joint assembly in place and, when 
tightened, locks the joint in any predetermined angle. 


The clamping face of the movable jaw is finished smooth. The clamping 


face of the stationary jaw has two parallel rows of round and pointed teeth 
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inserted the entire length of the jaw. The closing action of the jaws is limited 
to prevent contact of the teeth with the smooth face of the movable jaw. 

The clamp is manufactured at present in two dimensions, one having a 
jaw length of 3.2 em. with over-all length of 22 em. suitable for aortie work 
(Fig. 3) and the other with a jaw length of 1.7 em. and an over-all length 
of 16 em. suitable for iliac, femoral, and similar-sized vessels (Fig. 4). 

Application in over twenty-five surgical procedures involving the aorta 
and its main branches has demonstrated the usefulness of the clamp. 
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EXTERNAL LARYNGOCELE 


J. HARVEY JOHNSTON, JR., M.D., Jackson, Miss. 


Rape ongeang laryngocele may be defined as an anomalous air sac connected 
with the larynx. Synonyms inelude diverticulum or hernia of larynx, 
aerocele, air hernia, ventricular laryngocele and ‘‘monkey pouch.’’ It is a 
relatively rare condition, for less than seventy have been described in the litera- 
ture, but it is of importance to all interested in the differential diagnosis of 
tumors and cysts of the head and neck. Although there are several articles in 
the otolaryngology literature, there are apparently only two reports of laryn- 
gocele in general surgical periodicals.* '* It is not unlikely that one of these’ 
represents a ranula rather than a true laryngocele. 

As a discussion of any tumefaction in the neck should be of interest to 
general surgeons, the following case is presented. 


CASE REPORT 


Mrs. F. M. (B. H. 51-7785), a 60-year-old, extremely nervous white woman, complained 
of an elusive mass in the left side of the neck, hoarseness, and a feeling of pressure on the 
larynx. The mass had been present for eight months and was described by the patient as 
‘something alive,’’ as it seemed to change in size and ‘‘move about her neck.’’ Of major 


concern to the patient was a painful, reddened tongue, loss of appetite, and a twenty pound 
weight loss. Visits to physicians resulted in varied diagnoses and therapeutic measures in- 
cluding repeated dilatation of the left submaxillary dsct and biopsy of the tongue. The 
metal in all of her dental work was replaced with gold because of possible ‘‘ galvanic action’’ 
without relief of the oral symptoms. On six or eight occasions, she had been awakened at 
night by a pungent odor which the patient described as ‘‘sewagelike.’’ She had had a 
chronie cough for ten or twelve years, occasionally expectorating small amounts of grayish 
sputum. Thyroidectomy for nontoxic goiter had been done ten years previously. 

Physical examination revealed an apprehensive, chronically ill white woman who con- 
stantly stretched the neck muscles by jutting the chin forward. A slightly compressible 
ovoid mass measuring 3 by 4 em. was found inferior to the left submaxillary gland and 
anterior to the sternomastoid muscle. It seemed to be attached to the deeper structures for 
it moved with swallowing. No abnormality of the thyroid was noted. Despite the atypical 
location, diagnosis of left branchial cyst was made and surgery advised. 

Operative Procedure.—Under endotracheal anesthesia, a transverse incision 6 em. in 
length was made about 4 cm. below the ramus of the mandible and deepened through the 
underlying platysma, exposing a thin-walled cyst attached to the lateral aspect of the larynx 
in the region of the thyrohyoid membrane (Fig. 1). The cyst was partially filled with air. 
When opened, air escaped and 8 c.c. of thick gelatinous, grayish-yellow material was en- 
countered. An opening from the cyst into the larynx 4 mm. in diameter was found in the 
thyrohyoid membrane just above the thyroid cartilage lateral to the thyroid notch. The 
cyst was located posterior and deep to the sternohyoid and omohyoid and anterior to the 
sternomastoid muscles. It rested on the superior laryngeal nerve. After completely freeing 
the eyst wall, it was amputated and the small laryngeal opening closed with interrupted 
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cotton. To insure an air-tight closure the omohyoid was sutured over the line of mucosal 
approximation. The wound was closed in layers after insertion of a small rubber-tissue drain 
Postoperative convalescence was fortunately smooth. 

Pathologic Report.*— 

Gross: The specimen consisted of a cyst wall measuring 3% by 2 by 1 em. Gelatinous 
white material was present within the cyst. 

Microscopic: The cyst wall was quite thin and lined by tall columnar mucous cells which 
were thrown into papillary folds in some areas. Glands similar to those seen in the upper 
respiratory tract were evident. 

Pathologic diagnosis: The diagnosis was cystic laryngeal diverticulum (laryngocele). 

Since discharge, the chief complaint has been nervousness. The oral symptoms have 
been improved with vitamin therapy. There has been no recurrence of the foul, pungent 
odor which had previously awakened the patient. Follow-up laryngoscopy has been negative 


Ay 


with no evidence of papilloma or malignancy. 
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Fig. 1.—Diagram showing characteristic location of external laryngoceles. Sac has been 


opened to show connection with interior of larynx through thyrohyoid membrane. 


Larrey, chief surgeon of Napoleon’s army, in 1829 first described laryngo- 
cele, but considered it to be a type of goiter. He observed tumors of the neck 
in Egyptian priests, who served as ‘‘human loud-speakers’’ by daily chanting 
the verses of the Koran from the temple towers. That these masses represented 
true laryngoceles was borne out by Virchow’s classic description in 1867: 

‘*T have found a dilatation of the ventricle of Morgagni, up to the present 
unknown as it seems, which one may eall ‘ventricle laryngocele.’ One sees, in 
these cases, small elongated saes with thin walls, coming off from the upper part 
of the ventricle by a somewhat narrow orifice, and sometimes reaching to the 
upper border of the thyroid cartilage, or even to the hyoid bone, where they 
may terminate by an end in the form of a club, most frequently they are found 
only on one side; once, however, I have met them on both sides. Their walls are 
smooth, their interior is lined with ciliated epithelium, and they are filled with 
a.” 

Laryngocele develops from the appendix or sacculus of the ventricle of the 
larynx (Fig. 2). The ventricle of Morgagni is a horizontal elliptical recess 
between the true and false vocal cords. Hilton, in 1837, drew attention to a 
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constant anterior upward projection of the roof of the ventricle to form an 
appendix or sacculus which lies between the ventricular band and the inner 
surface of the thyroid cartilage. The sacculus is invested throughout with 
numerous small mucous glands and physiologically is of importance in lubriecat- 
ing the vocal cords. The saccule is an atavistic analogue of the air sacs normally 
encountered in monkeys and other anthropoids, which extends into the neck 
and even deep to the pectoral muscles to provide a means for rebreathing and 
a more effective respiratory apparatus. 
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Fig. 2.—Diagrammatic sketch of interior of the larynx showing sacculus projecting superiorly 
and anteriorly from ventricle. (After Hilton.) 


Etiology.—There may be a congenital predisposition in that the sacecuius 
will be abnormally long and well developed and would thus be a likely precursor 
to the development of laryngocele much as a preformed sac is of etiologic sig- 
nificance in the development of an indirect inguinal hernia. Weakness in the 
thyrohyoid membrane at the site of penetration by the superior laryngeal nerve 
and vessels has been cited as a contributory causative factor.? Conditions which 
increase intraglottie pressure such as chronic coughing, singing, blowing a 
musical instrument, or excessive use of the voice are of secondary etiologic 
significance. Occasionally tuberculosis, papilloma, or neoplasm of the larynx 
produces a check-valve mechanism in the ventricle and is responsible for the 
development of a laryngocele. 

Three types of laryngocele are described : 


1. Internal, which manifests itself as cystic dilatation in which the hernial 
protrusion of the mucous membrane lies within the larynx (Fig. 3). This type 
is most easily confused with eversion or prolapse of the laryngeal ventricle, 
usually secondary to inflammatory edema.’ Differential diagnosis can be 
effected by simple pressure with a probe for an everted or prolapsed ventricle 
ean be replaced to its normal position. 
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Fig. 3.—Artist’s sketch of true internal laryngocele (left). (After Jackson and Jackson.) 


Fig. 4.—Roentgenogram showing characteristic ovoid area of radiolucency at the level of the 
hyoid bone diagnostic of laryngocele. 
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2. Superior external, which presents as a mucosal protrusion of the sacculus 
of the ventricle through the thyrohyoid membrane anterior to the superior cornu 
or just lateral to the thyroid notch. 

3. Mixed, which represents a combination of one and two. The possibility 
of mixed type should be considered with any external laryngocele. Although it 
is repeatedly stated that the internal type is the more frequent, review of the 
literature from 1940 to 1949 shows a total of fourteen cases, with only four being 
of the internal type.*> The external type is apparently the more common clinical 
type. 

In the purely internal form of laryngocele, the voice is affected and varying 
degrees of hoarseness result. Respiratory obstruction and dyspnea of varying 
severity may be present. In the true external type the main symptom is mass 
in the neck, which frequently enlarges with coughing and physical exertion and 
can often be emptied by pressure with a characteristic sound of escaping air. 
Infection and accumulation of fluid within the sae are common with resultant 
coughing and expectoration of pus (laryngopyocele). A combination of symp- 
toms is usually present in the mixed type. 

Diagnosis.—Reecognition should not be difficult if possibility of the entity 
is entertained. This is particularly true if the mass inflates with increased 
intraglottie pressure and disappears with external pressure with a peculiar 
hissing sound. It characteristically moves with swallowing and is located in 
the anterior superior triangle of the neck. The swelling may be unilateral or 
bilateral. Roentgenograms show a diagnostic ovoid area of radiolucency at the 
level of the hyoid bone (Fig. 4). 

In the differential diagnosis one should consider ranula, dermoid eyst, 
eystic hygroma, branchial cyst (particularly with internal communication to 
pharynx), lipoma, aberrant thyroglossal cyst, salivary gland obstructed by 
caleulus, and venectasia. 

Treatment.—Very small, asymptomatie laryngoceles may require no treat- 
ment. Not infrequently correction of an underlying papilloma or carcinoma 
of the larynx results in clinical disappearance of these air sacs. 

The external type can be easily removed through a horizontal incision paral- 
lel to and beneath the ramus of the mandible. The sae of the laryngocele can 
be dissected out as one dissects any hernial sac and amputated as close to the 
ventricle as possible. The superior laryngeal nerve should be identified and 
preserved. The internal type or internal component of a mixed laryngocele 
can be removed by means of a lateral thyrotomy through the same approach. 
Tracheotomy occasionally is advisable but is usually unnecessary. 


SUMMARY 
A ease report and brief discussion emphasizing external laryngocele in the 
differential diagnosis of cystic masses in the neck is given. 
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(From the Surgical Clinic, Hospital das Clinicas da Faculdade de Medicina da Universidade 
de Sao Paulo) 


TTEMPTS to replace the esophagus by the transverse colon were first at- 

tempted at the end of the last century. The subcutaneous position of the 
transplanted colon to replace the esophagus was not developed until 1951.2 In 
that same year, Lopes, in Brazil, first attempted the transthoracic approach to 
substitute the esophagus with a transplanted transverse colon. Unfortunately 
his patient died during the postoperative period. 

This presentation reports a successful substitution of a stenosed esophagus 


by the transverse colon. 
CASE REPORT 


The patient is a 16-year-old girl who had swallowed caustic soda three years before in 
a suicidal attempt. A cicatricial stenoses of the entire esophagus ensued. Nutrition was 
maintained by means of a gastrostomy. 

On admission to the Hospital das Clinicas of Sao Paulo, roentgenograms revealed com- 
plete obstruction of the esophagus at the level of the sternal notch (Fig. 1). Esophagoscopy 
revealed a blind pouch 2 em. distal to the pharynx. Retrograde esophagoscopy through the 
previously established gastrostomy revealed that the esophagus was stenosed to a level 3 em. 
proximal to the gastric cardiac, and the esophagoscope could not be inserted beyond this point. 

The operation of Freitas and Mattos Barretto was attempted. By means of this opera- 
tion the endoscopist tries to re-establish the patency of the esophagus through the gastrostomy, 
while the surgeon directs the instrument through a thoracotomy incision. This operation, per- 
formed on the patient by its authors, was unsuccessful, because the esophagus had been 
transformed into a fibrous cord. The patient was discharged from the hospital to return 
several months later in a state of deep psychic depression, announcing her intention to com- 
mit suicide if the digestive transit could not be re-established. Under these circumstances 
an attempt was made to perform an esophagoplasty by means of the transverse colon. 

Roentgenograms of the colon revealed it to be suitable for transplantation. Accord- 
ingly, on Feb. 20, 1952, the First Stage of the operation was performed. By means of a 
medial supraumbilical incision the transverse colon was inspected and found to be of sufficient 
length to permit transplant to the thoracic region. The vascular arch was studied by means 
of transillumination and was found different from the usual pattern (Fig. 2). Vessels 4, 5, 
6, 7, and 8 (Fig. 2) were clamped, and when the transverse colon remained viable, it was 
transected at the splenic and hepatic flexures (Figs. 3 and 4). Blood is supplied to the 


segment of mobilized transverse colon which was 40 em. long by Vessels 1, 2, and 3 (Fig. 2). 
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Fig. 1.—Roentgenogram of the esophagus demonstrating complete stoppage of the contrast 
media at the level of the sternal notch. 








Fig. 2.—Distribution of circulation to transverse colon. The broken lines indicate the levels 
of transection of the transverse colon. 
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Fig. 3.—Resection of the transverse colon which is to be used for the esophagoplasty. 


Fig. 4.—Diagram shows the excluded segment of the transverse colon. 
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An end-to-end colocolostomy was performed, using two layers of interrupted cotto: 
sutures. The distal end of the exteriorized bowel was closed, and the proximal portion was 
anastomosed to the first loop of the jejunum (Fig. 5). The jejunum was preferred to th 
stomach for the anastomosis because most of the stomach was hardened and shrunken and 
the bowel mucosa might not tolerate the regurgitated gastric juice. The wound was close: 
without drainage. 





Fig. 5.—Intestinal continuity has been re-established by the performance of a _ colocolic 
and a colojejunal anastomosis. 


Fig. 6.—The proximal portion of the transverse colon is delivered to the exterior by means 
of a cervical incision. 


The thoracic phase of the operation was performed by resecting the sixth left rib and 
excising the diaphragm. The excluded bowel was delivered into the thorax and through the 
pleural apex it was delivered into the cervical region. At this point part of the surgical 


team made an incision along the anterior border of the left sternomastoid muscle. Dissecting 
distally the thorax was entered and the bowel was delivered into the neck and anchored there 


by skin sutures (Fig. 6). The thoracic cage was then closed. 
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The operative procedure which lasted five and one-half hours was well tolerated by the 
patient. The anesthesia utilized by Dr. J. Mariano was cyclopropane by means of endo- 
tracheal intubation and curare. Postoperatively very little liquid was regurgitated through 
the cervical colostomy. 


performance of the esophagotransversecolostomy. 


we 


Fig. 8.—Photograph demonstrating the healed cervical skin, the site of previous colostomy. 


CERVICAL STAGE 


The esophagocolic cervical anastomosis was performed on March 19, 1952 (twenty- 
three days after the first operation). Endotracheal anesthesia, by Dr. Flaminio de Camargo 
Neto, lasted three hours without accident. The incision followed the direction of the sterno- 
cleidomastoid muscle. Dissection of the aponeurotic layers and ligature of the left inferior 
thyroid vessels permitted displacement of the thyroid gland and access to the esophagus. 
The esophagus was mobilized with difficulty because of the strong perivisceral fibrous reaction. 
Portions of stenosed esophagus were excised until a patent portion of the esophagus was en- 
countered. Dissection of the colostomy was difficult because of adherence to the carotid 
artery. During this part of the operation the colon was accidentally opened, and became 
very wide and unfit for the end-to-end anastomosis with the esophagus. The anastomosis, made 
after partial closing of the colic opening, in two layers of interrupted cotton sutures, was 
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quite satisfactory. Reconstitution of the muscular layers ventral to the anastomotic sutur: 
and closing of the skin after drainage of the retromuscular space with a Penrose drain com 
pleted the procedure (Fig. 7). 


POSTOPERATIVE EVOLUTION 
The patient vomited bile a few hours after the operation. The following day she drank 
a little water, tea, and coffee, and continued to do so until the fourth day, when we noticed 
a minimal quantity of coffee pouring over through the Penrose drain. Feeding through the 
mouth was stopped for one week, at which time the fistula had closed. The patient then 
resumed her normal feeding without any accident (Figs. 8 and 9). 
The results obtained by the operation were highly satisfactory, both surgically and 


psychically. 


Fig. 9.—Roentgenogram showing the bucco-colic-jejunal tract twelve days after operation. 


SUMMARY 


A ease of a successful reconstruction of the esophagus for benign stricture 
by means of the transverse colon by the thoracic approach is presented. The 


technical details of the operation are illustrated and discussed. 
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Tempora Mutantur 


“\Y/ E MUST change with the times” we tell each other when we at last de- 
cide, with considerable unwillingness, to accept some innovation. On the 
whole, however, we don’t change with the times. We accept in childhood a ccr- 
tain set of beliefs and conventions of deportment, and we earry through with 
them; new beliefs and new conventions arise, but it is our children who adopt 
them while we look on and criticize. 

The proverbs and adages of one generation ring false in the light of the 
cireumstanees of the next one, but they tend to persist till they make more sense 
in reverse. “Too good to be true” has ceased to mean much in these days of 
cheap counterfeit, but “too true to be good” sums up many testimonials, sta- 
tistical analyses, and book reviews. ‘Too many cooks spoil the broth” sounds 
like a grim jest to the servantless housewife, but “too much broth spoils the 
cook” is a sound warning to those fortunate enough to find one. “Many hands 
make light work” brings the lavender aroma of times when willing cooperation 
was no rarity; ‘‘light work invites many hands” provides the modern key to a 
suecessfully worded advertisement, whether for a nursemaid, a gardener, a 
secretary, or a resident. ‘People who live in glass houses shouldn’t throw 
stones” gives in somewhat complicated imagery advice that is never taken, but 
the injunetion that “people who live in stone houses should’nt throw glasses” 
voices the ageless truth that the wealthy and fortunate should set an example in 
table manners to their humble neighbors. 

The same is true of medical aphorisms; by the time they have become hoary 
enough to appear in students’ textbooks they are almost necessarily wrong, and 
the soundest advice a senior can give his intern in search of a thesis, or his 
resident in need of a research problem, is to find some subject on which all 
authorities are agreed, for that is a subject which has lain undisturbed for a 
quarter of a century. Hilton gave the advice, “Where there is pus let it out,” 
but it is clear from his lectures that in his day pus had to be there in bagfuls and 
ready to come out in bucketfuls before it was recognized at all. Now with our 
temperature and pulse charts, our leukocyte counts, our x-ray machines, and our 
erythrocyte sedimentation rates we spot the pyogens at their first appearance, 
while they are still timid invaders about to be slaughtered by their vitamin- 
fortified and antibiotic-armed recipient. ‘When there is no pus don’t let it out” 
is the advice we need. John Hunter wrote to Jenner, “Don’t think; try the ex- 
periment”; but Jenner had been thinking hard for many years and needed only 
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the final proof to set his doubts at rest. The modern young man knows only too 
well that meditation has no sales value, that to get the front-line jobs he must 
sell himself. If he has any idea he must try it out at once, without wasting time 
in thinking whether it is sound, whether it has been done before, whether it has 


failed and with what reason, or succeeded and with what completeness. Ile must 
publish it before that blighter round the corner gets in first. The senior who is 
trying to hand on to his favorite pupil the wisdom he has acquired with so much 
difficulty, to guide his steps so that he may one day leave medicine a littl 
better than he found it, finds today that he must advise him “Don’t try the ex- 
periment; think!” 

Sir Heneage Ogilvie 
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MECONIUM PERITONITIS 
REVIEW OF THE LITERATURE AND REPORT OF A CASE 
With Survival AFTER SURGERY 
WituiAm L. BEenpeE:, Jr., M.D., AND MarsHALL L. MIcHEL, JR., M.D., 
New ORLEANS, LA. 


(From the Department of Surgery, Tulane University School of Medicine) 
INTRODUCTION 


ECONIUM peritonitis is a nonbacterial foreign body and chemical perito- 

nitis occurring during intrauterine or early neonatal life as the result of 
an abnormal communication between the bowel contents and the peritoneal 
eavity.*8 

Meconium is a mixture of castoff epithelial cells, bile pigment, bile salts, 
cholesterol, fat, stearic acid, sebaceous material from swallowed liquor amnii, 
mucin, and salts to which pancreatic and gastric secretions and their enzymes 
are added at about the fifth month.*? It is believed that calcification, which 
may occur within 24 to 48 hours according to Litten,*® takes place in the 
cornified epithelial cells as a result of precipitation of the calcium of the tissue 
fluids and blood by broken down fatty constituents. 

That meconium is toxie and produces a chemical peritonitis has been shown 
by Rubovits, Taft, and Neuwelt*® with their experiments on rats. The toxic 
properties were of a low-grade nature very much similar to bile but more pro- 
nouneed in local effects. 

Meconium is said to normally reach the ileocolic junction at the fourth 
month and is present in the rectum of a five-month fetus.*° It thus would seem 
that intrapartum meconium peritonitis cannot occur earlier than the fourth 
month.®° No bacteria are usually present until the third day of extrauterine 
life, although there is a marked difference of opinion as regards the length of 
this time interval. Intrapartum meconium peritonitis is not necessarily fatal 
and evidence of it has been shown at operation or at autopsy for other conditions. 

However, post-partum meconium peritonitis is soon contaminated with 
bacteria, and a fatal outcome is the rule. There are, in fact, after a review of 
the literature, apparently only 8 cases reported in which survival after surgery 
has occurred after post-partum or intrapartum meconium peritonitis has taken 
place, and we are here reporting the ninth case. 
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Although we are primarily concerned in this article with rupture of th 
small and large bowel, it should be mentioned that perforation of gastrie and 
duodenal ulcers has been reported many times, and is another source of neonata! 
peritonitis.** 58 

HISTORY 


Meconium peritonitis has been recognized since 1838 when Simpson” first 
described it and analyzed 25 cases. Abt' in 1931 found 60 cases reported to 
1924, including Simpson’s eases. Rudnew’® reported 40 eases in 1915. In all, 
a few more than 100 cases have been reported to date.*’ As stated above, 
meconium peritonitis may occur as early as the fourth month of fetal life, or, 
at the other extreme, perforation of the intestine with resulting meconium 
peritonitis may occur as late as several days after birth. Typical cases of 
intrapartum or postpartum occurrence have been presented by Russell,°*! Boikan,° 
Kornblith and Otani,*! Hughes,?’ Medearis,*® Fischer,*! Skiles,°® Pfaff,*® Von 
Sury,®® Salter,>? Markowitz and Loar,*® Conrad and Robbins,® and Lattes.** 
None of these patients have survived, with the exception of the one reported by 
Conrad and Robbins. 

CLASSIFICATION 


Ramos** has classified the causes into 2 groups. Group 1 includes those 
eases in which there is impedition of progress of the bowel contents along the 
alimentary tract with perforation proximal to the obstruction. This includes 
intussusception, volvulus, atresia,?° ** ** extrinsic congenital bands,'*® congenital 
intra-abdominal hernia, inspissated meconium, and other disorders of similar 
nature. Group 2 is characterized by localized defects in the bowel wall, and 
includes trauma, diverticuli, Meckel’s diverticulum,?* ** localized aplasia of the 
muscularis mucosae,®°® and those cases in which no definite etiology can be 
demonstrated. In the second group, primary vascular insufficienecy,** ruptured 


ulcers, and infections of the alimentary canal may be mentioned in passing. 


MECONIUM PERITONITIS VERSUS MECONIUM ILEUS 


Meconium peritonitis is to be differentiated from meconium ileus, which 
may be one of the causes of méconium peritonitis. 

Paltauf** in 1888 first described meconium stasis as a cause of rupture, 
but meconium ileus as an entity was first described by Landsteiner** in 1905, 
and since then has been repeatedly. desecribed.* 71" *® °° It has in the past at 
one time been attributed to lack of bile in the intestinal tract,'® but it is gen- 
erally recognized now to be the result of external pancreatic secretion in- 
sufficiency, due either to a parenchymal fibrosis and cystic change or to stenosis 
or absence of the pancreatic ducts.** Farber’ '* has shown the syndrome to be 
definitely correlated with fibrocystic disease of the pancreas, and Wiglesworth” 
has correlated it with abnormal pancreatic secretion. 

Hinden?* has reported a case of meconium ileus not associated with 
pancreatic insufficiency insofar as could be determined, but the patient in this 
ease also had volvulus of the small intestine with the cecum being in the leit 
iliac fossa. The baby was operated on, no perforation found, and gas could be 
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forced past the puttylike meconium in the terminal ileum, so the abdomen was 
closed without further surgery. The infant recovered, and a test of the feces 
4 days postoperatively revealed trypsin in normal amounts. The child died 
3 months postoperatively from intestinal obstruction due to adhesions and from 
gastroenteritis. The pancreas at necropsy was normal. 

Farber carefully studied 87 cases of fibrocystic disease of the pancreas and 
concluded that the disorder represents a systemic disease affecting variously 
and in varying degree the secretory cells and ducts of the pancreas, the 
salivary glands, the liver, and the tracheal and bronchial glands. 

When the pancreas is primarily or predominantly involved, the impaired 
secretion of pancreatic enzymes results in improper digestion of meconium. 
This produces meconium which is so thick and sticky that it behaves like putty 
or thick glue, and will not pass through the intestinal tract, becoming firmly 
impacted and producing complete obstruction, usually in the ileum. 

Secretin has been demonstrated to be present in the duodenum in adequate 
amounts in the neonatal period except in infants with fibrocystie disease. 
Baggenstoss* has demonstrated secretin in the duodenal mucosa of 30 patients, 
but has not been able to do so in fibroeystie disease. This observation is sugges- 
tive and, if it should prove to be correct, then fibrocystie disease represents a 
hormone deficiency state. 

Meconium ileus is a relatively infrequent condition. Baker*® could find only 
one case so diagnosed at the Duke Hospital among 450,520 patients admitted 
to the hospital, and more than 5,600 autopsies. 


INCIDENCE OF MECONIUM PERITONITIS 


In 854,293 patients admitted, and 108,744 live births at Charity Hospital 
from 1937 to July 1, 1952, we could find only three cases of patients who 
fulfilled the criteria of the diagnosis of meconium peritonitis. One of these is 
that being reported, which will be described in detail later. Both of the other 
cases were diagnosed at post-mortem examination. 


One of the latter two cases was that of a Negro female infant weighing 4 pounds, 
5 ounces, prematurely born of 8.5 months’ gestation on July 18, 1950. She was born spon- 
taneously of a 36-year-old mother of 10, with 12 previous pregnancies. The labor lasted 
8 hours, with delivery from a left occiput anterior position. The infant began vomiting the 
day after delivery, becoming cyanotic, with much abdominal distention and no audible 
peristalsis. The lower extremities became edematous. Three days after birth the infant 
died; autopsy revealed numerous fibrinous adhesions between loops of blackened intestine 
and about the liver and spleen. There was a perforation in the distal ileum. The small 
intestine was a dark red to black in color, and the bowel wall was quite friable. Early 


gangrenous changes were present. The pancreas was normal, and no evidence of mechanical 


obstruction could be found. 

The second case was that of a Negro male infant, full term, born of a 39-year-old 
mother, her first pregnancy. A Caesarean section was performed for toxemia of pregnancy. 
The birth weight was 7 pounds, 9 ounces, and the child appeared normal at birth and there- 
after until 24 hours before death, when he passed a bloody stool, the respirations became 
labored, the abdomen became distended, and no peristalsis could be heard. He died the 
following day, 4 days after birth. A clinical diagnosis of hemorrhagic disease of the new- 
born had been made before death. At autopsy, there were numerous fibrinous adhesions 
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between the stomach, transverse colon, gall bladder, and small intestine. An acute sanguino- 
purulent peritonitis was present. The heart showed subendocardial hemorrhage in all valve 
areas, and there was edema and congestion of the lungs, liver, and spleen. At the junction 
of the terminal ileum and cecum, there was complete atresia, and there were 6 to 10 perfora- 
tions of the ascending and transverse colon, measuring 2 to 10 mm. in diameter. The small 
howel was distended and congested and contained greenish yellow fluid. Blood and spinal 
fluid cultures were negative for growth, and peritoneal fluid culture produced gram-negative 
rods. Microscopic examination revealed necrosis, sloughing, and congestion of the villi of 
the small intestine. There was submucosal hemorrhage in the colon and fibrinous peritonitis 
with gram-negative bacilli, and numerous gas bubbles throughout the submucosal areas of 
hemorrhage. The autopsy diagnosis was acute peritonitis with gas gangrene of the colon, 
and multiple perforation. The possibility of erythroblastosis fetalis as a contributing 
factor was discarded since the mother was found to be Rh positive. 


ETIOLOGY OF MECONIUM PERITONITIS 


It is easy to visualize how perforation might oceur with the factor of partial 
or complete obstruction, associated with inspissated (or normal) meconium, and 
augmented by foreeful peristalsis might cause perforation of a segment of 
proximal bowel with resultant meconium peritonitis. There is adequate evidence, 
however, that such a sequence need not necessarily occur. Davis and Poynter 
collected 401 cases of congenital atresia or obstruction of the small bowel and 
colon in which there was no perforation of the proximal segment. This group 
did not include any eases of infants with rectal or rectosigmoid obstruction. 

Although most ante-partum perforation is on the basis of organie obstrue- 
tion, it has been postulated by Lattes** and by Boikan® to be on the basis of 
marked lengthening of the glands of Lieberkiihn so that the apices of the glands 
reach the serosa of the bowel, together with congenital weakness of the muscle 
coats of the intestinal wall produced by pressure atrophy from hypertrophied 
lymphatic tissue. It is felt that the existence of peristalsis within the fetus 
is necessary for rupture. In many cases, ante-partum rupture may become 
sealed off and most of the fluid absorbed, with little post-partal evidence of 
rupture.?” * 

About 50 per cent of the cases of meconium peritonitis appear to be 
spontaneous, i.e., no demonstrable cause can be ascertained at surgery or at 
post-mortem examination. A large proportion of these so-called spontaneous 
ruptures, many of which occur intra- or post partum, have in the past been 
considered to be traumatic in origin. It is reasonable to conclude that the tre- 
mendous pressure of labor with the addition of local distention with or without 
obstruction, twisted loop of bowel, or a loaded intestine would occasionally cause 
intestinal rupture, particularly in a difficult delivery. 

Russell*! in 1928 reviewed the literature and found 23 cases of spontaneous 
rupture of the intestine in the newborn to that date, in 14 of which he thought 
rupture took place during the process of labor or as a result of that process. 
He presented a case of apparently spontaneous rupture of the cecum with no 
birth trauma, the infant dying 4.5 hours after birth. 

Zillner®* in 1884 described 4 cases of perforation of the sigmoid in which 
he thought the perforation was due to compression of the bowel between the 
lumbar vertebrae and the abdominal wall. 
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Falkenheim and Askanazy” report the case of an infant born 3 weeks 
prematurely who on the fifth day developed abdominal distention. A hypo- 
dermic needle was inserted through the abdominal wall, permitting the escape 
of gas from the peritoneal cavity, though the distention recurred. At autopsy, 
a perforation at the splenic flexure with meconium peritonitis was found. 

In traumatic meconium peritonitis occurring intra- and post partum the 
incidence of involvement of the sigmoid colon is double that of the terminal 
ileum, the 2 sites for predilection of rupture. 

Lee and MaeMillan* disagree with the theory of trauma as the precipitating 
factor in many cases, and after extensively examining the cases reported by 
Russell and Zillner, conclude that trauma is an infrequent and improbable cause 
of rupture of the bowel in the intrapartum period. They feel that even in the 
presence of a history of obstetrical trauma, if pre-existing congenital anomaly 
is sought, it will almost invariably be found. This was the situation in the 
case reported by them, which will be described later. 

Nevertheless, the occurrence of ‘‘spontaneous’’ or unexplained rupture of 
the bowel in newborn infants is well recognized and adequately documented.** 
It apparently occurred in the ease which we are reporting. 

Blood stream infection in the mother, maternal contamination of the 
amniotie fluid, infection of the cord stump with positive blood culture of the 
infant, false diverticuli of the bowel wall, and erosion of ulcers with or 
without Meckel’s diverticulum have been mentioned.® 1”: 7") 4° Rupture of the 
bowel can occur in the absence of ascertainable obstruction and, if the latter 
ean be excluded by careful exploration, simple closure of the perforation is all 
that is necessary.* 

DIAGNOSIS OF MECONIUM PERITONITIS 


The diagnosis in cases of meconium peritonitis in the newborn is predicated 
on the marked distention, which may be present immediately after or at birth, 
vomiting of a persistent nature, and frequently cyanosis with difficult respira- 
tion. Occasionally a meconium passage may occur, but obstipation is the rule. 
The roentgen ray is diagnostic. Dilated loops of small intestine may point to 
obstruction, areas of calcific density suggest fetal peritonitis, though not 
necessarily active at birth, and there is free air in the peritoneal cavity, best 
shown in the upright position. Lipiodol or barium studies are rarely necessary 


or desirable. 
TREATMENT 


Atresias, so-called ‘‘spontaneous’’ perforations, and meconium ileus ob- 
struction produce the majority of perforations, and the operative treatment 


of each differs. 

Atresias with perforation are best treated by resection of the atresia, with 
anastomosis around the area. 

Care must be taken that an associated stenosis is not overlooked, as in Lee 
and MaeMillan’s case, which will be described in detail later. Stenosis rarely if 
ever causes perforation, but may complicate the treatment of an atresia.** Webb 
and Wangensteen®’ have recommended that before the anastomosis is performed 





RECENT ADVANCES IN SURGERY Surgery 


August, 1953 


after resection of an atresia, the distal segment should be dilated by isolating 
it between rubber-shod clamps and distending it with air injected through a 
hypodermic needle. This procedure should enable the operator to determine 
the distensibility of the distal segment since a stenosis would prevent successful 
dilatation. 

If the obstruction is due to meconium ileus, with or without perforation, 
the management is quite different. Until Hiatt and Wilson?’ reported their 
5 eases with recovery (none with perforation, however) using a technique hased 
on Farber’s demonstration that the altered meconium in this condition can be 
quickly liquefied by contact with a saline solution of pancreatin, meconium 
ileus was regarded as uniformly fatal.?:* ?*:°7 Hiatt and Wilson have shown 
that, in those cases complicated by devitalized bowel, removal of the obstructing 
meconium must be performed in addition to resection. They have accomplished 
the former procedure successfully by performing a catheter enterostomy and 
flushing the bowel with saline until the inspissated meconium has been removed, 
and then injecting a solution of 5 per cent panceatin, with closure of the 
enterotomy. 

After surgery, pancreatin may be given orally or by stomach tube until 
bowel function is established, and thereafter medical treatment with a high 
protein, modified starch, low fat diet, pancreatin, and antibiotics may be con- 
tinued. Some of these infants, should they survive the operative procedure, 
may be expected to die from the other organ affectations which they may have, 
since fibrocystie disease frequently involves the lungs and liver in addition to 
the pancreas. Others of these infants with celiae disease, however, with vigorous 
and meticulous medical care, may be expected to survive and assume a reasonably 
normal life. 

When the perforation is apparently ‘‘spontaneous’’ (no cause ean be 
found at surgery) and no obstruction is demonstrated, simple closure of the 
perforation can be expected to be attended by the survival of the infant. 


REVIEW OF SURVIVALS FROM MECONIUM PERITONITIS 


Meconium peritonitis with perforation of the intestine at birth has been 
accompanied by an extremely high mortality rate. Only within recent years 
have there been reported any survivals from this condition, and we have been 
able to uncover from the literature only 8 cases of infants successfully treated, 
and wish to add the ninth. A summary of these 8 eases follows: 


Agerty, Ziserman, and Shollenberger? in 1943 apparently are the first to report an 
operative case with recovery. The patient was a white male infant, weighing 5 pounds, 12 
ounces, born without any obvious difficulty. He passed 1 meconium stool on the day after 
birth, and became distended the second day after birth. Vomiting and cyanosis appeared 
40 hours after delivery. The abdomen was markedly distended, with no peristalsis, and 
with prominent abdominal veins. Roentgenograms revealed pneumoperitoneum. Fifty-six 
hours after birth laparotomy was performed through a right rectus incision. No anomalies 
were found. A perforation was present in the distal ileum one-eighth inch in diameter, and 
this was closed with a purse-string suture. The postoperative course was uneventful and 
the patient left the hospital weighing 6 pounds. 
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Neuhauser41 in 1944 reported 3 cases of meconium peritonitis treated surgically, with 
1 recovery. No perforation was visible at operation or autopsy in any of the 3 infants, 
probably having occurred some time before delivery, but after the fifth month of gestation. 
The infant who survived was a 3-day-old white male baby admitted to Boston Children’s 
Hospital because of vomiting for 2 days. He was a full-term normally delivered infant, 
eried well after birth, but was distended and began vomiting shortly after birth. He had 
3 small stools. There was no cyanosis. Examination revealed marked abdominal distention 
with visible peristaltic waves, but no abdominal masses. The roentgen ray was diagnostic, 
with calcification, dilated bowel, and intraperitoneal gas. The infant was operated on 2 
hours after admission, and an atresia was found in the jejunum, with a typical meconium 
peritonitis. No definite perforation site could be found, so a side-to-side anastomosis was 
made around the atretic portion. The postoperative course was uneventful. 

In 1949, Low, Cooper, and Cosby37 reported the case of a white male infant weighing 
§ pounds, 5 ounces at birth, admitted with a diagnosis of intestinal obstruction on the fourth 
day after delivery. This was the first child of a 21-year-old mother, a breech presentation, 
normal full-term pregnancy, with a labor of 12 hours’ duration. Examination revealed a 
dehydrated, distended infant, with a temperature of 103° F. rectally. There was no audible 
peristalsis. He had passed 1 stool, but was vomiting frequently. Roentgenogram was 
diagnostic of meconium peritonitis, and he was operated on 7 hours after admission, and 
a typical meconium peritonitis was found. The small bowel loops were agglutinated to- 
gether with adhesions. There was complete atresia of the ileum with loss of continuity. 
The point of prenatal perforation was not definitely found, but was thought to be near the 
end of the proximal blind loop. An open side-to-side antiperistaltic anastomosis of the 2 blind 
ends of jejunum was performed and postoperatively the patient did very well. At 37 weeks 
he weighed 20 pounds, and 12 ounces, and roentgenogram showed marked diminution in the 
amount of intraperitoneal calcium. 

In July, 1950, Lee and MacMillan®5 reported the case of a 2.5-day-old white male 
infant with a birth weight of 8 pounds, 4 ounces, admitted because of persistent vomiting 
and severe abdominal distention. The delivery had been difficult, involving forceps extrac- 
tion of a vertex presentation. After the first 8 hours, the child began to vomit, and became 
distended. On admission, the infant was dehydrated with a temperature of 100.6° F. 
rectally. There was gross and marked distention and tympany of the entire abdomen. 
Rectal examination was negative. Roentgenograms revealed pneumoperitoneum, diffuse bowel 
distention, and fluid levels in the bowel. Five hours after admission exploration was per- 
formed through a right rectus incision. When the peritoneum was opened, there was a puff 
of escaping air and profuse drainage of normal greenish black meconium, culture of which 
was later reported to show hemolytic Staphylococcus aureus. There was a large perforation 
of the anterior wall of the cecum, and it was believed that a traumatic perforation had 
occurred. On the basis of this, the perforation was closed with silk sutures and, after removal 
of as much meconium as possible, the abdomen was closed. Postoperatively, the infant he- 
came quite distended and roentgenograms revealed evidence of obstruction. A barium enema 
revealed a striking narrowing of the entire descending colon and the column of barium dis- 
closed an atresia in the splenic flexure of the colon. Fourteen hours after the first operation, 
through a left supraumbilical transverse incision the abdomen was again explored, the point 
of atresia in the splenic flexure easily found and resected with a side-to-side anastomosis. 
Postoperatively the patient did well, with, however, a tendency toward distention. He was 
discharged on the twenty-seventh postoperative day, eating well and gaining weight. Barium 
enema 2 months postoperatively, however, revealed a stenosis just distal to the anastomosis 
which had been previously overlooked. 

The infant was readmitted, a tube cecostomy performed, and 3 days later, through the 
scar of the previous transverse incision, the abdomen was reopened and the stenotic segment 
of colon resected with side-to-side anastomosis. The postoperative course was uneventful. 
The cecostomy tube was removed on the seventh day and the patient discharged on the four- 
teenth day. The child continued to gain weight and do well, but the abdomen remained 
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slightly protuberant, and the proximal colon remained markedly dilated, although some re 
duction in its size began to occur. Study of microscopic sections from both operative speci 
mens revealed a normal myenteric plexus. 

In March, 1951, Conrad and Robbins® reported a case with atresia of the jejunum with 
complete separation of the proximal and distal segments, and a perforation of some duration 
in the proximal end of the distal segment of bowel. This was apparently the result of an 
infarction, substantiated by microscopic examination of the resected specimen of bowel. 
The patient was a white female infant, 20 hours of age, with normal delivery and a birth 
weight of 8 pounds, 7 ounces. Roentgenograms were pathognomonic of meconium peritonitis 
and surgery was performed 2 hours after admission through a left upper pararectus incision 
The proximal bowel ended a short distance distal to the ligament of Treitz. A side-to-side 
anastomosis was performed about 14 em. distal to the termination of the collapsed bowel 
and 9 em. of this bowel was resected. The child recovered uneventfully. 

In April, 1951, Packard and Reynolds4? reported the cases of 2 patients, 1 of whom 
lived. This patient was a white male infant, admitted at the age of 48 hours. The baby 
was the result of the first pregnancy of a woman of 39 years. Labor lasted 12 hours and 
was said to have been quite difficult, with finally a frank breech delivery. The birth weight 
was 7 pounds, 5 ounces. Shortly after birth, the infant began to vomit, and became dis 
tended. Physical examination revealed an acutely ill infant with a temperature of 99.6° F. 
rectally. There were abrasions and excoriations in both inguinal regions. The abdomen 
was markedly distended and tympanitic, and no bowel sounds could be heard. Meconium 
came from the rectum after rectal examination which was otherwise noncontributory. 
Roentgenograms revealed pneumoperitoneum and intestinal distention. The patient was ex 
plored a few hours after admission under ether anesthesia through a right rectus-splitting 
incision. On opening the abdomen, there was the escape of a large amount of gas and the 
drainage of much meconium and greenish fluid. No site of perforation could be found. 
Each flank was drained, and the pelvis drained through the suprapubic area, and the abdomen 
closed. Postoperatively the baby made gradual improvement, and a meconium stool occurred 
the day after surgery. A fecal fistula appeared at the site of the suprapubic drain wound, 
and Lipiodol by rectum showed a normal anus and rectum, with a fistula from the lower 
sigmoid to the anterior abdominal wall. Following this, a plug of fecal material was re- 
moved through a sigmoidoscope from the rectosigmoid region and, promptly following this, 
the fecal fistula closed and drainage ceased. The infant was discharged from the hospital 
1 month after admission. At the age of 11 months, he was walking, weighed over 20 pounds, 
and appeared to be doing quite well. The authors felt that the cause of the perforation 
was birth trauma. 

In April, 1951, Doyle14 reported 2 patients successfully treated by surgical intervention 
24 hours after birth. In 1 case the perforation was present in intrauterine life. In the 
other, the perforation occurred at birth or shortly afterward. 

The first case was the fourth child of a mother who had had 2 previous pregnancies with 
erythroblastic deaths. No mention was made of the birth weight or the difficulty of labor. 
The roentgenogram was diagnostic. When the abdomen was opened through a right rectus- 
splitting incision, much gas, meconium, and fluid escaped. A perforation 3 by 8 mm. in the 
anteromedial wall of the ascending colon 3 em. distal to the ileocolic junction was found 
and closed. The margins of the perforation appeared gangrenous. A culture of the peritoneal 
contents revealed Aerobacter aerogenes. The baby recovered uneventfully and was dis- 
charged on the tenth postoperative day. Six weeks postoperatively incarceration of a left 
inguinal hernia occurred requiring surgery, and, 2 weeks later, a right inguinal hernia be- 
came incarcerated and required repair. After these episodes the baby remained well. 

The second case was that of a white male infant 17 hours old, with a birth weight of 
9 pounds 15 ounces. No notation about the delivery was made. The infant was markedly 
distended. On opening the abdomen through a right paramedian incision, a large quantity 
of gas, fluid, and meconium was encountered. There was a perforation of the ileum about 
15 em. proximal to the ileocolie junction. This was closed with a purse-string suture. The 
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right testicle lay outside the scrotum at birth, but this had been replaced prior to admission. 
No obstruction was found. There was a pocket in the pelvic floor to the left of the rectum, 
posterior to the bladder, to which no significance could be attached, but this was drained. 
There was no inguinal hernia. The postoperative course was uncomplicated and the patient 
was living and well 1 year postoperatively. 


Fig. 1. Fig. 2. 


Figs. 1 and 2.—Roentgenogram showing marked pneumoperitoneum and _ intraperitoneal 
ealcification as a result of meconium peritonitis. 


CASE REPORT 


We wish to report the following and ninth case: 


G. P. (T-52-62797), a Negro male infant, born May 29, 1952, at 12:40 p.M. of an un- 
eventful delivery, was the second pregnancy of an 18-year-old mother. The period of gesta- 
tion was 8 months. The duration of labor was 2 hours, 40 minutes, the presentation was 
single foot breech. A complication of delivery was prolapse of the cord. The baby breathed 
spontaneously on delivery and weighed 6 pounds, 1 ounce. The immediate post-partal con- 
dition seemed good. The morning after delivery in the course of a routine physical exami- 
nation, it was noted that the abdomen was markedly distended, tympanitie to percussion, 
with hypoactive peristalsis. The child had passed no meconium since birth. No vomiting 
had oeeurred. 

Physical examination revealed the baby to be slightly dehydrated, with shallow, rapid 
respiration. The heart and lungs were normal. The abdomen was extremely distended, no 
masses could be palpated. The anus was patent, and a rectal examination at this time was 
hot remarkable. The child had a hematocrit of 56, a white blood count of 7,280, with 
adequate platelets, and a negative test for syphilis. 
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X-rays of the abdomen demonstrated a large amount of air and fluid free within tl 
peritoneal cavity, associated with extensive plaque calcification (Figs. 1 and 2). The diagnosi 
of meconium peritonitis was made, and since the baby seemed in good condition, he ws 
taken to the operating room at 5:00 P.M. May 30, 1952, 28 hours after delivery. 
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Fig. 3.—Spontaneous perforation of ileum in newborn. Diagram of procedure carried out in 


case reported. 
Under ether anesthesia, a supraumbilical transverse incision was made. Immediately 
on opening the peritoneum, a large amount of free gas escaped. ‘The peritoneal cavity was 
filled with meconium which was in many places densely adherent to the loops of bowel. The 
loops of bowel were agglutinated together in one mass, and were separated with some 
difficulty. As much of the meconium as possible was removed from the peritoneal cavity 
by gentle syringing of the peritoneal cavity with saline solution. The stomach and small 
bowel were moderately dilated down to the ileocecal valve. Just proximal to the ileocecal 
valve, a perforation 4 by 4 mm. was found on the antimesenteric border of the ileum. A 
catheter was passed through the perforation and into the ascending colon without difficulty, 
demonstrating no atresia or stenosis of this portion of the bowel. Saline was then injected 
through the catheter and readily distended the colon to the splenic flexure. A sigmoid 
colotomy was performed and the catheter threaded proximally to the splenic flexure without 
obstruction. Injected saline again distended the splenic flexure and transverse colon without 
obstruction in the left colon. A rectal examination was then performed on the table, and 
it was felt that some resistance was met at the rectosigmoid area beneath the peritoneal 
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reflection although this seemed to disappear with the examination, as might possibly be the 
case with a diaphragmatic type of stenosis. A catheter was passed up through the rectum 
and appeared at the sigmoid colotomy. 

The perforation in the terminal ileum was closed with 2 purse-string sutures of quilting 
cotton (Fig. 3). Because of the possible compromise of the lumen of the very small bowel 
by this procedure, a side-to-side ileotransverse colostomy was then performed in 2 layers, 
with 00000 chromic catgut for the inner mucosal layer, and 00000 silk for the outer sero- 
muscular layer. 

Because of the uncertainty which still persisted about the rectosigmoid area beneath 
the peritoneal reflection (i.e., the possibility of trauma to a possible stenosis of the bowel 
during the rectal examination and catheter passage, and the consideration that, in view of 
the perforation without evidence of organic obstruction, this might represent one of the distal 
colon myenteric plexus deficiencies such as is found in megacolon), it was deemed safer 
to bring the sigmoid colotomy out as a colostomy rather than to close it, and this was per- 
formed through a left lower quadrant muscle-splitting stab incision. The abdomen was 
closed with fine cotton, and the infant returned to the ward in poor condition. 

The baby received about 50 ¢.c. of blood in the operating room. On return to the 
ward, gastric suction was continued, with oxygen by tent, and the administration of anti- 
biotics and intravenous fluids. On the second postoperative day the gastric tube was clamped 
but the baby became distended and vomited, and suction was begun again. On the fifth 
postoperative day, the infant had a normal meconium stool from the colostomy, the gastric 
tube was removed, and the baby started on dextrose water by mouth, and the following day 
was put on a formula. 

The colostomy began gradually to retract during the days that followed, and on the 
seventh postoperative day, the infant was taken back to the operating room, and under ether 
anesthesia, a transverse hockey-stick incision used to free the colostomy, mobilize the sigmoid 
and descending colon, and bring out a relatively long loop of bowel as a colostomy. The 
child withstood the procedure well, and the course thereafter was uneventful except for the 
development of a small fistula at the neck of the proximal loop just above the skin level; 
this gradually healed spontaneously. 

He gained weight slowly, and had to be fed often and slowly. From a birth weight 
of 6 pounds, 1 ounce, he fell to 5 pounds, and then very gradually with the aid of multiple 
small blood transfusions regained the lost weight and then rapidly gained to a weight of 
8 pounds, the weight on Aug. 14, 1952, 77 days after birth. After discharge, he is to be 
followed in the outpatient department until it is deemed opportune to close the colostomy. 


SUMMARY 


Meconium peritonitis is the result of rupture of the intestine between the 
fifth month of intrauterine life and the early neonatal period. That which 
occurs in intrauterine life may be manifested only incidentally at surgery or 
autopsy by intraperitoneal calcification, or may not be discovered at all, and 
is not necessarily fatal. That which occurs at birth or immediately afterward 
is generally fatal without early surgical intervention. Infants in the early 
neonatal period appear to tolerate adequate corrective surgery relatively well. 

The literature has been reviewed, the 8 cases reported of patients who 
have survived are summarized, and an additional case is reported. Early 
diagnosis and adequate surgical intervention, with attention to proper fluid 
and electrolyte balance postoperatively should reverse the present mortality 
rate and permit the salvage of many of these cases of intra- and post-partal 
meconium peritonitis. 
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IDENTIFICATION OF THE COMMON BILE DUCT 
A New MErTHOop or MARKING AND REACHING IT QUICKLY 
Aveust F. Jonas, M.D., SAN FRANCISCO, CALIF. 


ROM time to time surgeons unfortunately find it necessary to re-explore 

the common bile duct. In such operations, because of adhesions, vascularity 
of the tissues, and dearrangement of the normal relationships, much valuable 
time is consumed in dissection down to, and identification of the common bile 
duct. Precious blood is thus lost and the patient’s strength is depleted before 
actual corrective surgery can ke started. 














? Fig. 1.—The T tube coated with particles of black ferrous oxide is placed (insert). 
Should secondary operation ever be necessary, the operator can easily follow the tattooed 
tract to the common bile duct. 
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In order to mark the common bile duct and the route leading to it, we 
have devised the following simple method: Whenever a T tube is left in the 
common duct its long limb is covered 100 with a thin coat of powdered black 
iron oxide, Fe,O,. This will adhere readily to the outside of the tube once it 
has been moistened with saline solution or blood. The short limb is inserted 
into the common duct, and the wound is closed in the usual manner. When the 
tube is withdrawn a few weeks later, the fine insoluble particles of iron oxide 
leave an indelibly marked tract leading from duct to the surface, where a 
small tattooed dimple marks its external end on the skin. 

Conway,' in 1948, used various insoluble pigments for facial tattooing in 
cosmetic surgery. Among other pigments he used this same black oxide of 
iron, Fe,O,, and found that the particles were taken up by phagocytes in the 
immediate region, causing scarcely any inflammatory reaction. The particles 
average about 1 micron in size. 

In the majority of cases re-exploration of the duct will never be necessary : 
the tattooed dimple is not objectionable to the patient. In those few patients 
requiring re-exploration of the duct at some subsequent time, the old path 
of the T tube is clearly evident to the operator, and the duct itse'f is located 
in only a few minutes of disssection. 
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Die Konservierung des Knochengewebe fiir Transplantationen. By Dr. Hans Roth. Pp. 
222, with 147 illustrations. Vienna, Austria, 1952, Springer-Verlag. $11.60. 


Surgical technique and the ability to control infection have made possible the use 
of bone grafts in reconstructive surgery on a large scale. The procedures have ‘‘out- 
grown’’ the donor-patients. Fortunately, homografts can be used safely and successfuily. 
This book deals with the methods of preserving homografts of bone. It presents a re- 
markably complete review of the important literature, together with the considerable ex- 
perience of the author. The few fundamental facts which are known about the behavior 
of homografts of bone are divested of the controversial minutiae with which they are so 
frequently entangled, and are allowed to stand forth as simple, easily understood principles. 

As a econeise, clear review, the book is excellent. As a reference, the book is in- 
vaiuable to those doing research in the field. Do not let the foreign language frighten 
you. The author’s German is simple and easily translated, lacking most of the Teuton 
obtuseness. A fine book for those interested in bone surgery. 























Functional and Surgical Anatomy of the Hand. By Emanuel B. Kaplan, M.D. 
with 132 illustrations. Philadelphia, 1953, J. B. Lippincott Company. $10.00. 


Pp. 288, 








This is another book on the hand. Hand surgery has become a full-fledged specialty 
with a considerabie literature all its own. Much of the material is too highly specialized 
to be of value to the surgeon who must occasionally deal with a hand injury. This book 
bridges the gap, and it should be of interest to both groups. It is concerned with the 
anatomy of the hand from a functional and surgical point of view. By limiting the scope 
of the monograph, the author increased its value tenfold. There is no extraneous informa- 
tion and no padding. The illustrations, so important in an anatomy, are all newly drawn 
and of exceilent quality. Of the many good things, the section on the mechanics of the 
hand is the best. This small volume deserves, and will find, a wide reading public. It is 
far more than just another book on the hand. 
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ACYCLINE HYDROCHLORIDE 


Intravenous Terramycin thera, 
in over 100 cases of surgical 
sepsis following operations of 
thorax, abdomen or limbs gave 
“none bat the most favorable 
results, The well-known side- 
effects in connection with oral! 
administered antibiotics . . . 
were never found to occur, no 
did we at any time observe 
any other toxic reactions.” 


Deucher, F.: Schweiz. med. 
Wehnschr. 82:1 (Jan. 5) 1952 


“Qur experience with Terram 
by the intravenous route has 
been good. It has been effecti 
used without difficulty by co: 
tinuous drip infusion for seve: 
days in the smallest infant . . 


Farley, W. J., Konieczny, L. 
J. Pediat. 42:177 (Feb.) 195 


Intravenous Terramycin, foll 
by oral therapy after 3-5 day 
“is a singly effective, superio: 
antibiotic in the treatment o! 
peritonitis and ... a good res 
can frequently be obtained 
with this drug when [other 
antibiotics} have failed. It th 
has great usefulness both as « 
primary therapeutic agent an: 
an alternate antibiotic.” 


i ek Reias, E., et al.: A. M. A. Ar 
>  Strg. 67:5 (Jan.) 1952. 








